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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable micronizing a semiconductor 
device in the case that a gate electrode is formed by using damascene 
gate technique or the like. 

SOLUTION: A process forming a gate electrode is constituted of a 
process forming a first metal containing film 1 13 in recessed parts of an 
N-type and a P-type MIS transistor regions, a process eliminating the 
first metal containing film formed in the P-type MIS transistor region, and 
a process forming a second metal containing film 1 15 on the first metal 
containing film left in the N-type MIS transistor region and on a gate 
insulating film 1 12 in the P-type MIS transistor region. A work function of 
the metal containing film in contact with a gate insulating film of the N- 
type MIS transistor is smaller than that of the metal containing film in 
contact with the gate insulating film of the P-type MIS transistor. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device with which the gate electrode of an N type MIS transistor and each P 
type MIS transistor is formed through gate dielectric film in the crevice formed in the semi-conductor substrate. 
One [ at least ] gate electrode of an N type MIS transistor and a P type MIS transistor is constituted by the 
laminated structure of two or more metal content film. That and it is smaller than the work function of the part of 
the metal content film with which the work function of the part of the metal content film which touches the gate 
dielectric film of an N type MIS transistor which touches gate dielectric film at least touches the gate dielectric 
film of a P type MIS transistor which touches gate dielectric film at least The semiconductor device by which it is 
characterized. 

[Claim 2] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
conductor substrate. The process which forms the 1st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, The 
process which removes the 1st metal content film formed in one field of the 1st or 2nd gate formation field, It 
consists of a process which embeds the crevice of the field of the both sides of the 1st and 2nd gate formation 
fields by forming the 2nd metal content film on the 1st metal content film saved to the field of another side of 
the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1st or 2nd gate formation field. 
The inside of said 1st and 2nd metal content film ? That it is smaller than the work function of the part of the 
metal content film of the direction where the work function of the part of the metal content film of the direction 
which touches the gate dielectric film of an N type MIS transistor which touches gate dielectric film at least 
touches the gate dielectric film of a P type MIS transistor which touches gate dielectric film at least The 
manufacture approach of the semiconductor device by which it is characterized. 

[Claim 3] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
conductor substrate. The process which forms the 1st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, The 
process which removes the 1st metal content film formed in one field of the 1st or 2nd gate formation field, The 
process which forms the 3rd metal content film on the 1st metal content film saved to the field of another side o1 
the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1st or 2nd gate formation field. 
The process which removes the 3rd metal content film formed in the field of another side of the 1st or 2nd gate 
formation field, By forming the 2nd metal content film on the 1 st metal content film exposed to the field of 
another side of the 3rd metal content film top saved to one field of the 1 st or 2nd gate formation field, and the 
1st or 2nd gate formation field It consists of a process which embeds the crevice of the field of the both sides of 
the 1st and 2nd gate formation fields. The inside of said 1st and 2nd metal content film, That it is smaller than 
the work function of the part of the metal content film of the direction where the work function of the part of the 
metal content film of the direction which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least The manufacture approach of the semiconductor device by which it is characterized. 
[Claim 4] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
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conductor substrate. The process which forms the 1st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, It 
consists of a process which changes the 1st metal content film into the 2nd metal content film by making the 
matter contained in the 1st metal content film formed in one field of the 1st or 2nd gate formation field, and 
matter other than this matter react. The inside of said 1st and 2nd metal content film, That it is smaller than the 
work function of the part of the metal content film of the direction where the work function of the part of the 
metal content film of the direction which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least The manufacture approach of the semiconductor device by which it is characterized. 
[Claim 5] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
conductor substrate. The process which forms the 1st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, The 
process which changes the 1st metal content film into the 2nd metal content film by making the matter contained 
in the 1st metal content film formed in one field of the 1 st or 2nd gate formation field, and matter other than this 
matter react, It consists of a process which changes the 1st metal content film into the 3rd metal content film by 
making the matter contained in the 1st metal content film formed in the field of another side of the 1st or 2nd 
gate formation field, and matter other than this matter react. The inside of said 2nd and 3rd metal content film, 
That it is smaller than the work function of the part of the metal content film of the direction where the work 
function of the part of the metal content film of the direction which touches the gate dielectric film of an N type 
MIS transistor which touches gate dielectric film at least touches the gate dielectric film of a P type MIS 
transistor which touches gate dielectric film at least The manufacture approach of the semiconductor device by 
which it is characterized. 

[Claim 6] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
conductor substrate. The process which forms the 1 st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, It 
consists of a process which forms the 2nd metal content film by diffusing matter other than the matter contained 
in the 1st metal content film, and depositing a gate-dielectric-film interface, the inside of the 1st metal content 
film formed in one field of the 1st or 2nd gate formation field — this — among said 1st and 2nd metal content 
film That it is smaller than the work function of the part of the metal content film of the direction where the work 
function of the part of the metal content film of the direction which touches the gate dielectric film of an N type 
MIS transistor which touches gate dielectric film at least touches the gate dielectric film of a P type MIS 
transistor which touches gate dielectric film at least The manufacture approach of the semiconductor device by 
which it is characterized. 

[Claim 7] It is the manufacture approach of the semiconductor device which forms the gate electrode of an N 
type MIS transistor and each P type MIS transistor through gate dielectric film in the crevice formed in the semi- 
conductor substrate. The process which forms the 1 st metal content film on the gate dielectric film with which 
the process which forms said gate electrode was formed in the crevice of the field of the both sides of the 1st 
gate formation field for N type MIS transistors, and the 2nd gate formation field for P type MIS transistors, the 
inside of the 1st metal content film formed in one field of the 1st or 2nd gate formation field — this — with the 
process which forms the 2nd metal content film by diffusing matter other than the matter contained in the 1st 
metal content film, and depositing a gate-dielectric-film interface It consists of a process which forms the 3rd 
metal content film by diffusing matter other than the matter contained in the 1st metal content film, and 
depositing a gate-dielectric-film interface, the inside of the 1st metal content film formed in the field of another 
side of the 1st or 2nd gate formation field — this — among said 2nd and 3rd metal content film That it is smaller 
than the work function of the part of the metal content film of the direction where the work function of the part 
of the metal content film of the direction which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least The manufacture approach of the semiconductor device by which it is characterized. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the gate electrode of a semiconductor device and 

its manufacture approach especially an N type MIS transistor, and a P type MIS transistor. 

[0002] 

[Description of the Prior Art] For high-performance-izing of an MIS transistor, detailedHzing of a component is 
indispensable. However, since the silicon oxide used as gate dielectric film now has the low dielectric constant, it 
has the problem that capacity of gate dielectric film cannot be enlarged. Moreover, since the polish recon used as 
a gate electrode has high resistivity, it has the problem that low resistance-ization cannot be attained. The 
proposal of using a metallic material for a gate electrode is made by gate dielectric film to each problem using 
high dielectric materials. 

[0003] However, these ingredients have the fault that it is inferior to thermal resistance compared with the 
ingredient used now. Then, after performing an elevated-temperature process, the DAMASHIN gate technique is 
proposed as a technique which can form gate dielectric film and a gate electrode. 

[0004] A DAMASHIN gate technique embeds an electrode material to the field which removed the dummy gate 
after forming in the gate formation schedule field the gate which serves as a dummy beforehand and forming a 
source drain diffusion layer, and removed the dummy gate, and produces a gate electrode. 

[0005] Since the work function of the gate electrode of both transistors cannot be changed if the same metal is 
used for the gate electrode of N type and a P type MIS transistor when producing a gate electrode using a pellet 
scene gate technique, the threshold of N type and each P type MIS transistor cannot be rationalized. 
[0006] Therefore, the manufacture process using a different gate electrode material is needed with an N type 
MIS transistor and a P type MIS transistor. Hereafter, an example of such a manufacture process is explained 
with reference to drawing 20 (a) - drawing 23 (i). 

[0007] First, the isolation 502 of STI structure is formed on a silicon substrate 501. Then, silicon oxide 503 of 
about 6nm of thickness is formed as a dummy insulator layer removed in the future. Furthermore, the laminated 
structure of the polish recon film 504 of about 1 50nm of thickness and the silicon nitride 505 of about 50nm of 
thickness is formed as the dummy gate removed in the future. These dummy insulator layers and the dummy gate 
are formed using the usual techniques (membrane formation techniques, such as oxidation and CVD, a lithography 
technique, RIE technique, etc.). Then, the impurity diffused layer for extensions used as the source drain diffusion 
layer 506 is formed with an ion-implantation technique by using the dummy gate (the polish recon film 504 and 
silicon nitride 505) as a mask. Then, a gate side-attachment-wall insulator layer with a width of face of about 
40nm which consists of a silicon nitride 507 is formed with a CVD technique and a RIE technique ( drawing 20 
(a)). 

[0008] Next, the high concentration impurity diffused layer used as the source drain diffusion layer 508 is formed 
with an ion-implantation technique by using the dummy gate (the polish recon film 504 and silicon nitride 505) an< 
a gate side-attachment-wall insulator layer (silicon nitriding 507) as a mask. Furthermore, the silicide film (silicide 
such as cobalt or titanium) 509 with a thickness of about 40nm is formed only in a source drain field by using the 
dummy gate as a mask with a salicide process technique ( drawing 20 (b)). 

[0009] Next, silicon oxide is deposited with a CVD method as an interlayer insulation film 510. Furthermore, the 
front face of the silicon nitrides 505 and 507 is exposed by carrying out flattening of this interlayer insulation film 
510 with a CMP technique ( drawing 20 (c)). 

[0010] Next, the silicon nitride 505 of the dummy gate upper part is alternatively removed to an interlayer 
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insulation film 510, for example using phosphoric acid. At this time, the silicon nitride 507 is also etched to height 
extent of the polish recon film 504. Then, the etching technique using the radical of halogen atoms, such as a 
fluorine, removes the polish recon film 504 alternatively to an interlayer insulation film 510 and the silicon nitride 
507, for example ( drawing 21 (d)). 

[001 1] Next, a slot (crevice) is formed by removing dummy silicon oxide 503 by wet etching, such as fluoric acid. 
Then, Ta 205 which is a high dielectric insulator layer as gate dielectric film The film 512 is formed with a CVD 
method etc. Then, the aluminum film 513 is deposited as a gate electrode ( draw ing 21 R> 1 (e)). 
[0012] Next, a CMP technique is used and it is Ta 205. Flattening of the film 512 and the aluminum film 513 is 
performed until an interlayer insulation film 510 is exposed ( drawing 21 (f)). 

[0013] Although the process of the above drawing 20 (a) - drawing 21 (f) was performed to the both sides of an 
N type MIS transistor formation field and a P type MIS transistor formation field, it showed only one field on the 
drawing. From future processes, the both sides of an N type MIS transistor (N type MISFET) formation field and a 
P type MIS transistor (P type MISFET) formation field are shown on a drawing. 

[0014] It covers except a P type MIS transistor formation field by the resist 514 after the process of drawing 21 
(f) using a lithography technique ( ^aWRg_22 (g)). 

[0015] Next, only a P type field removes the aluminum film 513 by performing wet etching by phosphoric acid. 
Although the silicon nitride 507 is exposed at this time, in the phosphoric acid of a room temperature, it is hardly 
etched ( drawing 22 R> 2 (h)). 

[0016] Next, after removing a resist 514, the cobalt film 515 is deposited on the whole surface as a metal with 
which a work function is set to about 5eV ( drawing 23 (0). 

[0017] Next, using a CMP technique, flattening of the cobalt film 515 is performed until an interlayer insulation 
film 510 is exposed ( drawing 23 0))- 

[0018] According to the above process, as gate electrode structure, N type consists of aluminum film 513, and 
C-MIS transistor which consists of cobalt film 515 completes P type. Since a work function is about 5eV, it is 
with an N type MIS transistor and a P type MIS transistor, and, as for about 4.2eV and the cobalt film 515, can 
optimize the work function of a gate electrode by each, and as for the aluminum film 513, a work function can 
optimize the threshold electrical potential difference of both transistors. 

[0019] However, with the conventional technique mentioned above, a big problem arises to detailed-izing. 
Hereafter, this problem is explained. 

[0020] Drawing 24 (a), drawing 24 (b), and drayying 24 (c) are the top views having shown typically the principal 
part in d rawing 22 (g), drawing 22 (h), and drawing 2323 GX respectively. The distance between each source drain 
of an N type MIS transistor and a P type MIS transistor, i.e., the distance between components, is set to D. 
[0021] In the process of drawing 22 (h), if a resist 514 is used as a mask and wet etching of the aluminum film 
513 of a P type field is carried out, wet etching will advance isotropic. Therefore, etching will go deeply to the 
field by which the mask was carried out by the resist 514, and as shown in drawing 24 (b), the aluminum film 513 
will be etched to an N type field. 

[0022] Therefore, the completed transistor structure comes to be shown in drawin g 24 (c). That is, a gate 
electrode will be constituted from an N type field by the aluminum film and cobalt film with which work functions 
differ mutually. The field where thresholds differ will exist and it becomes impossible therefore, to desire a setup 
of a low threshold electrical potential difference in an N type MIS transistor. 

[0023] The problem mentioned above is examined further. The amount E of etching of the longitudinal direction 
by wet etching becomes more than height H (refer to dravying 22 (h)) of the aluminum film usually etched. In the 
example mentioned above, since height H of the aluminum film is about 150nm, the lateral amount E of etching is 
set to 150nm or more. Therefore, in order to avoid the problem mentioned above, it is necessary to make 
distance D between components into twice [ more than / more than ], i.e., 300nm, the lateral amount E of 
etching, and it becomes very difficult to perform detailed-ization. Although detailedHzation of extent which is 
making height H of the aluminum film low is attained, since gate resistance increases by reduction of height H of 
the aluminum film, it does not become an essential solution. 

[0024] Moreover, with the conventional technique mentioned above, a big problem arises also to the dependability 
of gate dielectric film etc. Hereafter, this problem is explained. 

[0025] In the conventional technique mentioned above, in the process of drawing 22 (h), after removing the 
aluminum film 513 of a P type field by wet etching, the cobalt film 515 is formed in the removed field at dxavying 
23 (i) and the process of G). Therefore, by etching of the aluminum film 513 etc., the front face of gate dielectric 
film 512 will deteriorate, and a bad influence will arise to the dependability of gate dielectric film. 
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[0026] 

[Problem(s) to be Solved by the Invention] As stated above, since etching advanced deeply in a longitudinal 
direction in case etching removal of the dummy gate is carried out, there was a problem that detailed-izing was 
difficult, with the conventional DAMASHIN gate technique. Moreover, there was also a problem of having a bad 
influence on the dependability of gate dielectric film etc., by carrying out etching removal of the dummy gate. 
[0027] This invention is made to the above-mentioned conventional problem, sets it as the 1st purpose to attain 
detailed-ization of a semiconductor device in the semiconductor device with which a gate electrode is produced 
using a DAMASHIN gate technique etc., and sets it as the 2nd purpose to secure the dependability of a gate 
electrode etc. 
[0028] 

[Means for Solving the Problem] This invention (invention A) is a semiconductor device with which the gate 
electrode of an N type MIS transistor and each P type MIS transistor is formed through gate dielectric film in the 
crevice formed in the semi-conductor substrate. One [ at least ] gate electrode of an N type MIS transistor and 
a P type MIS transistor is constituted by the laminated structure of two or more metal content film. That and it 
is smaller than the work function (W2) of the part of the metal content film with which the work function (W1) of 
the part of the metal content film which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least It considers as the description. 

[0029] This invention (invention B) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1 st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which removes the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field, It consists of a process which embeds the crevice of the field of the both sides of the 1st 
and 2nd gate formation fields by forming the 2nd metal content film on the 1st metal content film saved to the 
field of another side of the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1st or 
2nd gate formation field. The inside of said 1st and 2nd metal content film, The work function of the part of the 
metal content film of the direction where the work function (W1) of the part of the metal content film of the 
direction which touches the gate dielectric film of an N type MIS transistor which touches gate dielectric film at 
least touches the gate dielectric film of a P type MIS transistor which touches gate dielectric film at least It is 
characterized by being smaller than (W2). 

[0030] This invention (invention C) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which removes the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field, The process which forms the 3rd metal content film on the 1st metal content film saved to 
the field of another side of the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1st 
or 2nd gate formation field, The process which removes the 3rd metal content film formed in the field of another 
side of the 1 st or 2nd gate formation field, By forming the 2nd metal content film on the 1 st metal content film 
exposed to the field of another side of the 3rd metal content film top saved to one field of the 1st or 2nd gate 
formation field, and the 1st or 2nd gate formation field It consists of a process which embeds the crevice of the 
field of the both sides of the 1st and 2nd gate formation fields. The inside of said 1st and 2nd metal content film, 
The work function of the part of the metal content film of the direction where the work function (W1) of the part 
of the metal content film of the direction which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least It is characterized by being smaller than (W2). 

[0031] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor is 
smaller than the work function of the part which touches the gate dielectric film of a P type MIS transistor 
according to this invention (invention A, B, and C), the work function of the gate electrode of N type and each P 
type MIS transistor can be optimized, and it is possible to optimize the threshold electrical potential difference o1 
N type and a P type MIS transistor. 
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[0032] Moreover, according to this invention (invention A, B, and C), since one [ at least ] gate electrode of an N 
type MIS transistor and a P type MIS transistor is formed by two or more metal content film, even if its 
resistivity of the film of the part which touches gate dielectric film is not low, resistance of the whole gate 
electrode can be made low by preparing the film with low resistivity in an upper layer side. 

[0033] Moreover, according to this invention (invention B and C), since the 2nd metal content film is formed on 
the 1st and 3rd metal content film, thickness of the 1st and 3rd metal content film can be made thin. Therefore, 
in case the metal content film (the 1st, 3rd metal content film) formed in one field of the 1st or 2nd gate 
formation field is removed, it can prevent that etching advances deeply to the field of another side of the 1 st or 
2nd gate formation field, and it becomes possible to attain detailed-ization of a semiconductor device. 
[0034] In addition, it is desirable that a work function W1 is in the side near [ center / (one half of locations of a 
band gap) / of the band gap of the semi-conductor used for a semi-conductor substrate ] a conduction band in 
this invention (invention A, B, and C), and a work function W2 is in the side near [ center / of a band gap ] a load 
electronic band. Moreover, although the thickness of the field which touches the gate dielectric film which 
determines the threshold of an MIS transistor should just be more than thickness from which a desired threshold 
is obtained, it is made to become more than 1 0 atomic-layer extent preferably. 

[0035] Moreover, what is necessary is just to be able to change both work function by changing a presentation or 
the crystal structure among both in this invention (invention A, B, and C), even if each part which touches the 
gate dielectric film of N type and a P type MIS transistor does not necessarily need to be an ingredient of a 
different kind and is an ingredient of the same kind. 

[0036] This invention (invention D) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, It consists of a process which changes the 1st metal content film into the 2nd metal 
content film by making the matter contained in the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field, and matter other than this matter react. The inside of said 1st and 2nd metal content film, 
The work function of the part of the metal content film of the direction which touches the gate dielectric film of 
an N type MIS transistor which touches gate dielectric film at least is characterized by being smaller than the 
work function of the part of the metal content film of the direction which touches the gate dielectric film of a P 
type MIS transistor which touches gate dielectric film at least. 

[0037] This invention (invention E) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which changes the 1st metal content film into the 2nd metal content film by 
making the matter contained in the 1st metal content film formed in one field of the 1st or 2nd gate formation 
field, and matter other than this matter react, It consists of a process which changes the 1st metal content film 
into the 3rd metal content film by making the matter contained in the 1st metal content film formed in the field of 
another side of the 1st or 2nd gate formation field, and matter other than this matter react. The inside of said 
2nd and 3rd metal content film, The work function of the part of the metal content film of the direction which 
touches the gate dielectric film of an N type MIS transistor which touches gate dielectric film at least is 
characterized by being smaller than the work function of the part of the metal content film of the direction which 
touches the gate dielectric film of a P type MIS transistor which touches gate dielectric film at least. 
[0038] This invention (invention F) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, It consists of a process which forms the 2nd metal content film by diffusing matter other 
than the matter contained in the 1st metal content film, and depositing a gate-dielectric-film interface, the inside 
of the 1st metal content film formed in one field of the 1st or 2nd gate formation field — this — among said 1st 
and 2nd metal content film The work function of the part of the metal content film of the direction which touches 
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the gate dielectric film of an N type MIS transistor which touches gate dielectric film at least is characterized by 
being smaller than the work function of the part of the metal content film of the direction which touches the gate 
dielectric film of a P type MIS transistor which touches gate dielectric film at least. 

[0039] This invention (invention G) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, the inside of the 1st metal content film formed in one field of the 1st or 2nd gate formation 
field — this — with the process which forms the 2nd metal content film by diffusing matter other than the 
matter contained in the 1st metal content film, and depositing a gate-dielectric-film interface It consists of a 
process which forms the 3rd metal content film by diffusing matter other than the matter contained in the 1st 
metal content film, and depositing a gate-dielectric-film interface, the inside of the 1st metal content film formed 
in the field of another side of the 1st or 2nd gate formation field — this — among said 2nd and 3rd metal content 
film The work function of the part of the metal content film of the direction which touches the gate dielectric film 
of an N type MIS transistor which touches gate dielectric film at least is characterized by being smaller than the 
work function of the part of the metal content film of the direction which touches the gate dielectric film of a P 
type MIS transistor which touches gate dielectric film at least. 

[0040] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor is 
smaller than the work function of the part which touches the gate dielectric film of a P type MIS transistor 
according to this invention (invention D, E, F, and G), the work function of the gate electrode of N type and each 
P type MIS transistor can be optimized, and it is possible to optimize the threshold electrical potential difference 
of N type and a P type MIS transistor. 

[0041] Moreover, change the 1st metal content film into the 2nd and 3rd metal content film by making the matter 
contained in the 1st metal content film, and matter other than this matter react according to this invention 
(invention D, E, F, and G). Or since the 2nd and 3rd metal content film is formed by diffusing matter other than 
the matter contained in the 1st metal content film in the inside of the 1st metal content film, and depositing a 
gate-dielectric-film interface A gate electrode can be produced without etching the metal content film formed on 
the gate dielectric film in a crevice, and it is possible to prevent the fall of the dependability of gate dielectric 
film. 

[0042] In addition, it is desirable that a work function W1 is in the side near [ center / (one half of locations of a 
band gap) / of the band gap of the semi-conductor used for a semi-conductor substrate ] a conduction band in 
this invention (invention D, E, F, and G), and a work function W2 is in the side near [ center / of a band gap ] a 
load electronic band. Moreover, although the thickness of the field which touches the gate dielectric film which 
determines the threshold of an MIS transistor should just be more than thickness from which a desired threshold 
is obtained, it is made to become more than 10 atomic-layer extent preferably. 
[0043] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. 

[0044] (Operation gestalt 1) An example of the production process concerning the 1st operation gestalt of this 
invention is hereafter explained with reference to drawing 1 (a) - drawin g 3 (i). 

[0045] First, the isolation 102 of STI structure is formed on a silicon substrate 101. Then, silicon oxide 103 of 
about 2-6nm of thickness is formed as a dummy insulator layer removed in the future. Furthermore, the 
laminated structure of the polish recon film 104 of about 150nm of thickness and the silicon nitride 105 of about 
50nm of thickness is formed as the dummy gate removed in the future. These dummy insulator layers and the 
dummy gate are formed using the usual techniques (membrane formation techniques, such as oxidation and CVD, 
a lithography technique, RIE technique, etc.). Then, the impurity diffused layer for extensions used as the source 
drain diffusion layer 106 is formed with an ion-implantation technique by using the dummy gate (the polish recon 
film 104 and silicon nitride 105) as a mask. Then, a gate side-attachment-wall insulator layer with a width of face 
of about 20-40nm which consists of a silicon nitride 107 is formed with a CVD technique and a RIE technique 
( drawing 1 (a)). 

[0046] Next, the high concentration impurity diffused layer used as the source drain diffusion layer 108 is formed 
with an ion-implantation technique by using the dummy gate (the polish recon film 104 and silicon nitride 105) an- 
a gate side-attachment-wall insulator layer (silicon nitriding 107) as a mask. Furthermore, the silicide film (silicide 
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such as cobalt or titanium) 109 with a thickness of about 40nm is formed only in a source drain field by using the 
dummy gate as a mask with a salicide process technique ( drawing 1 (b)). 

[0047] Next, silicon oxide is deposited with a CVD method as an interlayer insulation film 110. Furthermore, the 
front face of the silicon nitrides 105 and 107 is exposed by carrying out flattening of this interlayer insulation film 
110 with a CMP technique ( drawing 1 (c)). 

[0048] Next, the silicon nitride 105 of the dummy gate upper part is alternatively removed to an interlayer 
insulation film 110, for example using phosphoric acid. At this time, the silicon nitride 107 is also etched to height 
extent of the polish recon film 104. Then, the etching technique using the radical of halogen atoms, such as a 
fluorine, removes the polish recon film 104 alternatively to an interlayer insulation film 110 and the silicon nitride 
1 07, for example ( drawing 2 (d)). 

[0049] Next, a slot (crevice) 1 1 1 is formed by removing dummy silicon oxide 103 by wet etching, such as rare 
fluoric acid. Then, the hafnium oxide film (Hf02 film) which is a high dielectric insulator layer is formed in the 
whole surface as gate dielectric film. This hafnium oxide film is HfCI4. NH3 It is obtained by oxidizing the hafnium 
nitride which formed membranes by the spatter using the target of the used CVD method, a hafnium nitride (HfN), 
or a hafnium, after forming a hafnium nitride (HfN film) ( d rawin g 2 (e)). 

[0050] Next, the hafnium nitride 1 13 whose work function is about 4eV is desirably formed on the whole surface 
by 10nm or less about 10nm in thickness using a CVD method or a spatter ( drawing 2 (f)). 

[0051] Although the process of the above drawing 1 (a) - draw in g 2 (f) was performed to the both sides of an N 
type MIS transistor formation field and a P type MIS transistor formation field, it showed only one field on the 
drawing. From future processes, the both sides of an N type MIS transistor (N type MISFET) formation field and a 
P type MIS transistor (P type MISFET) formation field are shown on a drawing. 

[0052] It covers except a P type MIS transistor formation field by the resist 114 after the process of draw ing 2 
(f) using a lithography technique. The top view of the principal part at this time is typically shown in drawing 4 (a) 
( drawing 3 (g)). 

[0053] Next, only a P type field removes the hafnium nitride 1 13 by performing wet etching by hydrogen peroxide 
solution. The top view of the principal part at this time is typically shown in drawing 4 (b). Since the hafnium oxide 
film 1 12 of gate dielectric film is insoluble to hydrogen peroxide solution, it is not etched. Moreover, since the 
hafnium nitride 113 is very thin (about 10nm), unlike the case of the conventional technique, the hafnium nitride 
1 13 is not deeply etched to an N type field, that is, in this example, the thickness of the hafnium nitride 1 13 is 
about 10nm — it comes out and the lateral amount E of etching is set to about 10nm. Therefore, if the distance 
D between components is about 20nm or more, the trouble of the conventional technique can be canceled and it 
will become possible to perform large detailed-ization ( drawing 3 (h)). 

[0054] Next, after removing resist 1 14, a work function deposits the cobalt film 1 15 on the whole surface as 
noble-metals film which is about 5eV. Membrane formation of cobalt is performed using a spatter, or they are Co 
(CO)4 and Co2. 8, CoF2, and CoCI2 Or CoBr2 It carries out using the CVD method used as the gas source. Then, 
with a CMP technique, flattening of the cobalt film 1 1 5, the hafnium nitride 1 1 3, and the hafnium oxide film 112 is 
performed until an interlayer insulation film 1 10 is exposed. The top view of the principal part at this time is 
typically shown in dr awing 4 R> 4 (c) ( drawing 3 (i)). 

[0055] According to the above process, as gate electrode structure, N type consists of a laminated structure of 
the hafnium nitride 113 and the cobalt film 115, and C-MIS transistor which consists of monolayer structure of 
the cobalt film 1 1 5 completes P type. 

[0056] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt (a work function is [ the hafnium nitride 1 13 / a work function ] 
about 5eV at the example mentioned above for about 4eV and the cobalt film 115), it is possible to optimize the 
work function of the gate electrode of N type and each P type MIS transistor, and to optimize the threshold 
electrical potential difference of both transistors. 

[0057] Moreover, with this operation gestalt, in case the hafnium nitride 1 13 of a P type field is removed, since 
the thickness of the hafnium nitride 113 is very thin, it can avoid that the hafnium nitride 113 is deeply etched to 
an N type field, and it becomes possible to perform large detailed-ization. Furthermore, with this operation 
gestalt, since the cobalt film 1 15 of low resistance is formed on the hafnium nitride 113, the gate electrode of an 
N type MIS transistor can reconcile optimization of a work function, and low resistanceHzation. 
[0058] Drawing 5 shows the component separation distance (distance between components, distance D shown in 
drawing 4 ) dependency of a threshold (threshold voltage) about the N type and the P type MIS transistor by this 
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operation gestalt and the conventional technique. 

[0059] In this operation gestalt and the conventional technique, about the P type MIS transistor, the threshold 
serves as [ the component separation distance D ] regularity and a low battery (about -0.2V) to about 400nm. On 
the other hand, about an N type MIS transistor, a threshold is beginning to rise [ the distance D between 
components ] by 300nm or less with the conventional technique. This is because it consists of metals a part of 
whose N type MIS transistors are about 5.0eV of work functions. On the other hand, with this operation gestalt, 
even if it makes distance D between components detailed to 40nm, it turns out that a threshold is fixed. 
[0060] In the example mentioned above, the gate electrode of an N type MIS transistor explained the case where 
the gate electrode of a P type MIS transistor was the monolayer structure of the cobalt film, by the laminated 
structure of a hafnium nitride and the cobalt film. Not only gate electrode structure such but various deformation 
is possible for this operation gestalt. Then, some modifications are explained below. 

[0061] the fundamental gate structure in this operation gestalt — three kinds, Structure A, Structure B, and 
Structure C, — it is . About Structure A, drawing 7 corresponds about Structure B and drawing 8 corresponds 
[ drawing 6 / Structure / C ], respectively. About such structures A, Structure B, and Structure C, structure (it 
considers as Structure D) as shown in drawing 9 is also included as a variation of such structures. In addition, 
drawing 6 - drawing 9 show only gate dielectric film and a gate electrode typically. 

[0062] The gate electrode of an N type MIS transistor consists of the 1st metal content film F1 and the 2nd 
metal content film F2 which were formed on gate dielectric film F0, the gate electrode of a P type MIS transistor 
consists of the 2nd metal content film F2 formed on gate dielectric film F0, and Structure A (refer to draw ing 6 ) 
has the work function of the 1st metal content film F1 smaller than the work function of the 2nd metal content 
film F2. 

[0063] The process at which the manufacture approach of Structure A forms the 1st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for N type and P type MIS transistors, The 
process which removes the 1st metal content film F1 of the gate formation field for P type MIS transistors, By 
forming the 2nd metal content film F2 on the 1 st [ of the gate formation field for N type MIS transistors ] metal 
content film F1 , and the gate dielectric film F0 of the gate formation field for P type MIS transistors It consists of 
a process which embeds the crevice of the gate formation field of the both sides of N type and a P type MIS 
transistor. 

[0064] The gate electrode of a P type MIS transistor consists of the 1st metal content film F1 and the 2nd metal 
content film F2 which were formed on gate dielectric film F0, the gate electrode of an N type MIS transistor 
consists of the 2nd metal content film F2 formed on gate dielectric film F0, and the work function of structure of 
the 1st metal content film F1 is [ B (refer to d rawin g 7 ) ] smaller than the work function of the 2nd metal 
content film F2. 

[0065] The process at which the manufacture approach of Structure B forms the 1 st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for N type and P type MIS transistors, The 
process which removes the 1st metal content film F1 of the gate formation field for N type MIS transistors, By 
forming the 2nd metal content film F2 on the 1st [ of the gate formation field for P type MIS transistors ] metal 
content film F1 , and the gate dielectric film F0 of the gate formation field for N type MIS transistors It consists o1 
a process which embeds the crevice of the gate formation field of the both sides of N type and a P type MIS 
transistor. 

[0066] It is as d r awin g 1 - drawing 3 R> 3 having shown the concrete example of Structure A. Moreover, about 
Structure B, most manufacture approaches shown in drawing 1 - d ra wing 3 can be diverted (the thing suitable for 
Structure B is used for each component). Main changed parts are points which carry out the mask of the P type 
MIS transistor field by the resist instead of an N type MIS transistor field in the process of dra wing 3 (g). 
[0067] Structure C (refer to dra w ing 8 ) consists of the 1 st metal content film F1 and the 2nd metal content film 
F2 with which the gate electrode of an N type MIS transistor was formed on gate dielectric film F0. The gate 
electrode of a P type MIS transistor consists of the 3rd metal content film F3 and the 2nd metal content film F2 
which were formed on gate dielectric film F0, and the work function of the 1st metal content film F1 is smaller 
than the work function of the 3rd metal content film F3. 

[0068] The process at which the manufacture approach of Structure C forms the 1st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for (refer to drawing JQ ), N type, and P 
type MIS transistors, The process which removes the 1st metal content film F1 of the gate formation field for P 
type MIS transistors, The process which forms the 3rd metal content film F3 on the 1 st [ of the gate formation 
field for N type MIS transistors ] metal content film F1 , and the gate dielectric film F0 of the gate formation field 
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for P type MIS transistors, The process which removes the 3rd metal content film F3 of the gate formation field 
for N type MIS transistors, By forming the 2nd metal content film F2 on the 1 st [ of the gate formation field for N 
type MIS transistors ] metal content film F1, and the 3rd [ of the gate formation field for P type MIS transistors ] 
metal content film F3 It consists of a process which embeds the crevice of the gate formation field of the both 
sides of N type and a P type MIS transistor. 

[0069] In addition, the structure (structure D) where the 2nd metal content film F2 is two or more kinds of 
cascade screens is also included in Structure A, Structure B, and Structure C. Corresponding to the example of 
drawing 6 , the 2nd metal content film F2 of N type and a P type MIS transistor is constituted from an example of 
drawing 9 by the cascade screen of metal content film F2a and F2b. 
[0070] Hereafter, the structure A mentioned above - Structure D are explained further. 

[0071] (1) In Structure A (refer to drawhig_6 ), the 2nd metal content film F2 is used as a barrier metal which 
determines the threshold of a P type MIS transistor, respectively as a barrier metal the 1st metal content film F1 
decides the threshold of an N type MIS transistor to be. 

[0072] What has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or less, desirably about 4eV) which can optimize the threshold of 
an N type MIS transistor, and does not have a damage is used for the 1st metal content film F1. HfN and ZrN are 
raised to a typical ingredient. These are expected that a work function is about 4eV, and are suitable as a barrier 
metal of N type. 

[0073] What has the low resistivity which has the work function (4.6eV or more, desirably about 5eV) which can 
optimize the threshold of a P type MIS transistor, and can carry out [ low **** ]-izing of the gate electrode is 
used for the 2nd metal content film F2. The ingredient of a noble-metals system has many whose work function 
is about 5eV, and fits the 2nd metal content film. For Co, from a viewpoint of resistivity, about 5micro ohm-cm 
and nickel are [ about 6micro ohm-cm and Pt ] about 10micro ohm-cm. W and CoSi2 which are used as a current 
gate electrode Resistivity is about 5micro ohm-cm and about 20micro ohm-cm, respectively, and Co, nickel and 
Pt, especially Co are suitable as an ingredient of the 2nd metal content film. 

[0074] It is Hf02 when barrier metal is HfN, although not limited especially about gate dielectric film F0. Using is 
desirable. HfN and Hf02 It is because thermal reaction cannot occur easily in an interface. 
[0075] (2) In Structure B (refer to d raw ing 7 ), the 2nd metal content film F2 is used as a barrier metal which 
determines the threshold of an N type MIS transistor, respectively as a barrier metal the 1st metal content film 
F1 decides the threshold of a P type MIS transistor to be. 

[0076] What has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or more, desirably about 5eV) which can optimize the threshold of 
a P type MIS transistor, and does not have a damage is used for the 1st metal content film F1. In a typical 
ingredient, it is WNx. And WSix Ny It is raised. 

[0077] What has the low resistivity which has the work function (4.6eV or less, desirably about 4eV) which can 
optimize the threshold of an N type MIS transistor, and can carry out [ low **** Hzing of the gate electrode is 
used for the 2nd metal content film F2. aluminum (or alloy containing aluminum) is raised as a typical ingredient. 
[0078] (3) In Structure C (refer to drawing 8 ), as a barrier metal the 1st metal content film F1 decides the 
threshold of an N type MIS transistor to be, the 3rd metal content film F3 is used as a barrier metal which 
determines the threshold of a P type MIS transistor, respectively, and the 2nd metal content film F2 is used as 
an electrode material of low resistance. 

[0079] what has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or less, desirably about 4eV) which can optimize the threshold of 
an N type MIS transistor on the 1st metal content film F1, and does not have a damage in it — HfN is used 
typically, what has possible performing etching which has the work function (4.6eV or more, desirably about 5eV) 
which can optimize the threshold of a P type MIS transistor on the 3rd metal content film F3, and does not have 
a damage in it — typical — WNx It uses, aluminum (or alloy containing aluminum) is used for the 2nd metal 
content film F2 at the ingredient and representation target which are low resistance. 

[0080] (4) With the structure A in Structure D (refer to drawing 9 ), or the structure corresponding to Structure 
B As 2nd metal content film F2 which is a cascade screen, it is the work function (about N type, 4.6eV or less) 
which can optimize the threshold of N type or a P type MIS transistor about film F2a by the side of a lower layer. 
About 4eV and P type, it is called for desirably that it is [ 4.6eV or more ] low resistance to have 5eV desirably 
at film F2b by the side of the upper layer. 

[0081] With the structure corresponding to the structure C in Structure D, although there is no merit of using the 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran^web_cgi_ejue 



2006/06/Oi 



jp,2000-315789,A [DETAILED DESCRIPTION] 



9/14 ^— v> 



film by the side of the lower layer of the 2nd metal content film in order to optimize the threshold of a transistor 
since the 1st metal content film F1 and the 3rd metal content film F3 are under the 2nd metal content film F2, 
there is a merit that diffusion of the metal to the gate dielectric film from an upper layer side can be controlled. 
[0082] Typically, it structure D Sets and the thing corresponding to Structure A which constituted [ the 1st 
metal content film F1 ] upper layer side F2b of Ru02 and the 2nd metal content film for lower layer side F2a of 
HfN and the 2nd metal content film from aluminum is raised. 

[0083] (5) In Structure A, Structure B, and Structure C, it is desirable to use for the 1st metal content film F1 
the metallic compounds which are conductors. As a barrier metal for N type MIS transistors, a hafnium nitride, a 
zirconium nitride, a titanium nitride, a tantalum nitride, a tantalum nitride, and a niobium nitride are raised. A 
tungsten nitride and a tungsten silicification nitride are raised as a barrier metal for P type MIS transistors. 
[0084] (6) In Structure A and Structure C, it is desirable to use the film which contains the alloy containing 
platinum, palladium, nickel, cobalt, a rhodium, a ruthenium, a rhenium, iridium, gold, silver, copper, or these metals 
in the 2nd metal content film F2. 

[0085] (7) In Structure A, Structure B, and Structure C, it is desirable to use for the 2nd metal content film F2 
the film containing the metallic compounds which are conductors. 

[0086] As metallic compounds, a metallic oxide (ruthenium oxide, an iridium acid ghost, rhenium oxide, platinum 
oxide, rhodium oxide) is raised [ 1st ]. Noble-metals system oxide is a conductor in many cases, and is for being 
easy to obtain the work function suitable for a P type MIS transistor. 

[0087] As metallic compounds, metal silicide (platinum silicide, palladium silicide, nickel silicide) is raised to the 
2nd. These can obtain the work function suitable for N type or a P type MIS transistor (especially P type MIS 
transistor). 

[0088] As metallic compounds, a metal nitride (a hafnium nitride, a zirconium nitride, a titanium nitride, a tantalum 
nitride, niobium nitride) is raised to the 3rd. These can obtain the work function suitable for an N type MIS 
transistor. 

[0089] (8) In Structure D, it is desirable for the film of the lowest layer to be [ of the 2nd metal content film F2 ] 
metallic compounds at least. As metallic compounds, a metallic oxide (ruthenium oxide, an iridium acid ghost, 
rhenium oxide, platinum oxide, rhodium oxide), metal silicide (platinum silicide, palladium silicide, nickel silicide), a 
metal nitride (a hafnium nitride, a zirconium nitride, a titanium nitride, a tantalum nitride, a niobium nitride, a 
tungsten nitride, tungsten nitride), and tungsten nitriding silicide are raised. 

[0090] (9) In Structure C, it is desirable to use a tungsten nitride or tungsten nitriding silicide for the 3rd metal 
content film F3. 

[0091] In Structure A - Structure D (10) As gate dielectric film F0 Hf02, Zr02, Ti02, a silicon nitride, and 
aluminum 203, The zirconic acid-ized film containing Ta 205, Nb 205, Y2 03, Ce02, and an yttrium, the 
compound film of barium, strontium, titanium, and oxygen, the compound film of lead, a zirconium, titanium, and 
oxygen, and silicon oxide are raised. 

[0092] By the method of forming the zirconic acid-ized film containing Hf02, Zr02, Ti02, Ta 205, Nb 205, Y2 03, 
Ce02, and an yttrium It is HfCI4, ZrCI4, TiCI4, TaCI5, NbCI5, and Y(Thd) 3 (here, Thd is 2, 2, 6, and 6-tetramethyl 
- 3 and 5-hepta-screw ONETO is meant.), respectively. Ce (Thd)4 and Zr4 (Thd) Y(Thd) 3 To mixed gas, it is 02. 
There is the approach of forming membranes directly with the CVD method which mixed gas. 
[0093] 02 [ moreover, ] instead of [ of gas ] — for example, NH3 etc. — it uses, the zirconium nitride which 
contains each metal nitride, i.e., HfN, ZrN, TiN, TaN, NbN, YN, and CeN, and an yttrium first is formed, and it may 
be made to use each metal nitride by thermal oxidation as an oxide after that. When using this thermal oxidation 
approach, it is desirable to oxidize thermally a nitride 5nm or less, or to make it repeat nitride deposition / 
oxidation of 5nm or less two or more times so that nitrogen may not remain in the film. When a thick nitride is 
oxidized thermally and oxidation temperature is low temperature 500 degrees C or less, it is because it was found 
out that it becomes impossible for the nitrogen which is a product from the layer which newly oxidized to escape 
from the interior of membranous outside, and it remains in the film. 

[0094] Moreover, before forming the metallic oxide mentioned above, the gate dielectric film F0 of a laminated 
structure may be produced by forming the silicon nitride by the oxidation nitride using oxidation in the silicon 
oxide by thermal oxidation, and NO gas etc., or the CVD method on a silicon substrate, and forming the metal 
oxide film mentioned above after that. 

[0095] (1 1) As film by the side of the lowest layer of a gate electrode, when using HfN, ZrN, and TiN, hydrogen 
peroxide solution can be used for these etching. It is required not to etch gate dielectric film F0 at the time of 
etching using this hydrogen peroxide solution. Hf02 mentioned above as gate dielectric film F0, Zr02, Ti02, and 
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Si3 N4, aluminum 203, Ta 205, Nb 205, and Y2 03, Since these are insoluble to hydrogen peroxide solution when 
using the zirconic acid-ized film containing Ce02 and an yttrium, the compound film of barium, strontium, 
titanium, and oxygen, the compound film of lead, a zirconium, titanium, and oxygen, and silicon oxide, a problem is 
not produced. 

[0096] As film by the side of the lowest layer of a gate electrode, when using TaN and NbN, these are meltable 
into the mixed liquor of a hydrochloric acid and a nitric acid. Therefore, what is necessary is just to use for gate 
dielectric film FO silicon oxy-night RAIDO which contains insoluble Hf02 t Zr02 ? Ti02, Si3 N4 t silicon oxide, and 
nitrogen 1% or more into this mixed liquor. 

[0097] When using aluminum as film by the side of the lowest layer of a gate electrode, aluminum is meltable into 
the mixed liquor of phosphoric acid and a nitric acid. Therefore, what is necessary is just to use the zirconic 
acid-ized film which contains insoluble Hf02, Zr02, Ti02, Ta 205, Nb 205, and an yttrium in gate dielectric film 
FO at this mixed liquor, the compound film of barium, strontium, titanium, and oxygen, the compound film of lead, a 
zirconium, titanium, and oxygen, and silicon oxide. 

[0098] (12) When the metal nitride (HfN, ZrN, TiN, TaN, NbN) mentioned above as film by the side of the lowest 
layer of a gate electrode is used, as for how of the metal nitride film and gate dielectric film to combine, it is 
desirable to fulfill the following conditions other than the etching resistance mentioned above. That is, it is made 
for the free energy of Gibbs of the metallic oxide which consists of a metallic element which constitutes a metal 
nitride to become below the free energy of Gibbs of the metal oxide film used for gate dielectric film, or silicon 
oxide. When it does in this way, it is for possibility that a metal nitride will return gate dielectric film to decrease. 
Specifically, gate dielectric film is Hf02. It is desirable to use HfN, ZrN, TiN, TaN, and NbN for a case as a metal 
nitride, and gate dielectric film is Ta 205. It is desirable to use TaN and NbN for a case as a metal nitride. 
[0099] (Operation gestalt 2) An example of the production process concerning the 2nd operation gestalt of this 
invention is hereafter explained with reference to drawin g 1 1 (a) - Fig. 1414 (I). 

[0100] First, the front face of a silicon substrate 201 is oxidized thermally, and silicon oxide 202 is formed. Then, 
the silicon nitride 203 is formed on silicon oxide 202 using a CVD method ( drawngJM (a)). 

[0101] Next, the pattern of a photoresist 204 is formed on the silicon nitride 203. Then, an isolation slot is formed 
by using this resist pattern 204 as a mask, and carrying out patterning of the silicon nitride 203, silicon oxide 202, 
and the silicon substrate 201 using anisotropic etching ( drawing 11 (b)). 

[0102] Next, a photoresist 204 is ashed and removed. Then, it is the front face of the exposed isolation slot 950 
degrees C and HCI/02 Silicon oxide 205 is formed by oxidizing thermally in an ambient atmosphere. Then, silicon 
oxide 206 is deposited on the whole surface using a CVD method, and an isolation slot is embedded. Furthermore, 
it grinds until the front face of the silicon nitride 203 exposes silicon oxide 206 using the CMP method ( drawing 
11 (c)). 

[0103] Next, the silicon nitride 203 is alternatively removed using heat phosphoric acid. Then, silicon oxide 202 is 
removed using a rare fluoric acid solution. In this case, the upside silicon oxide 206 and the silicon oxide 205 of 
an isolation slot are etched somewhat, and the front face of the silicon substrate 201 near the up edge of an 
isolation slot is exposed ( dr awi ng 1 2 (d)). 

[0104] Next, 900 degrees C and HCI/02 It oxidizes thermally in an ambient atmosphere and the silicon oxide 207 
used as a dummy insulator layer is formed. Since the dummy insulator layer 207 is formed not only an MIS 
transistor formation field top but on the up edge of an isolation slot, the exposure of a silicon substrate of it is 
lost ( d rawin g 1 2 (e)). 

[0105] Next, after forming the polish recon film 208 in the whole surface, the dummy gate is formed by carrying 
out patterning of this polish recon film 208 ( drawing 12 (f)). 

[0106] Next, the dummy gate which consists of polish recon film 208 is used as a mask, and impurity ion is 
injected into the front face of a silicon substrate 201. Furthermore, the source drain diffusion layer 209 is formed 
in self align to the dummy gate by performing hot annealing treatment. Then, an interlayer insulation film 210 is 
deposited on the whole surface, and flattening is carried out until the polish recon film 208 exposes this interlayer 
insulation film 210 using the CMP method. Then, it is the exposed polish recon film 208 CF4 / 02 The downflow 
technique using gas removes ( drawing 13 (g)). 

[0107] Next, in order to adjust the threshold electrical potential difference of N type and each P type MIS 
transistor, the impurity of N type and P type is introduced with ion-implantation into a silicon substrate 201 
through the exposed dummy insulator layer 207, respectively. Then, a slot (crevice) 21 1 is formed by removing 
the dummy insulator layer 207 using a rare fluoric acid solution. Then, it is Ta 205 as gate dielectric film. The film 
212 is formed. Furthermore, the ruthenium (Ru) film or the palladium (Pd) film 213 is formed about 10nm of 
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thickness as a gate electrode material of a P type MIS transistor ( drawing J 3 R> 3 (h)). 
[0108] Next, the silicon nitride 214 is formed in the whole surface by 10nm thickness by the plasma-CVD 
method. This silicon nitride 214 is used as diffusion prevention film for preventing diffusion of the indium (In) or 
tin (Sn) formed at a next process. Then, the pattern of a photoresist 215 is formed on a P type MIS transistor 
field ( drawin g 1 3 (0). 

[0109] Next, the silicon nitride 214 of the exposed N type MIS transistor field is removed using the downflow 
method, a photoresist 215 — ashing — after processing removes, the indium (In) film or the tin (Sn) film is 
formed in the whole surface by 1-2nm thickness as a gate electrode material of an N type MIS transistor 
( drawing 14 G)X 

[01 10] Next, inside [ of 200 degrees C - about 400 degrees C ] low-temperature annealing is performed. Since 
the silicon nitride 214 is formed in the P type MIS transistor field, an indium or tin is alternatively spread only to 
an N type MIS transistor field by this annealing treatment. An indium or tin is diffused through the grain boundary 
of the ruthenium film or the palladium film 213. Ta 205 from which an indium or tin serves as gate dielectric film 
by this It deposits in an interface with the film 212, the ruthenium film, or the palladium film 213. Consequently, 
the indium film or the tin film 216 used as the gate electrode of an N type MIS transistor is formed ( drawing 14 
(k)). 

[01 1 1] Next, the indium film or the tin film 216 on a P type MIS transistor field is removed alternatively, and the 
silicon nitride 214 is further removed using the downflow method. Then, the tungsten film 217 is embedded in the 
slot of the gate electrode field of N type and a P type MIS transistor, furthermore, the CMP method — using — 
the ruthenium film outside a slot or the palladium film 213, the indium film or the tin film 216, and Ta 205 The film 
212 and the tungsten film 217 are removed, and it leaves only Mizouchi the tungsten film 217. Thereby, the gate 
electrode with which the indium film or the tin film 216 was formed in the lowest layer for the gate electrode with 
which the ruthenium film or the palladium film 213 was formed in the lowest layer with the N type MIS transistor 
consists of P type MIS transistors. Henceforth, an interlayer insulation film 218 and wiring 219 grade are formed, 
and a semiconductor integrated circuit is completed ( drawing 14 (I)). 

[01 12] In addition, the metal M1 (in the example mentioned above) which constitutes the gate electrode of a P 
type MIS transistor from an example mentioned above Although it was made to deposit a metal M2 in the gate- 
dielectric-film interface of an N type MIS transistor by diffusing the metal M2 (the example mentioned above an 
indium or tin) which constitutes the gate electrode of an N type MIS transistor for the inside of a ruthenium or 
palladium The alloy of a metal M1 and a metal M2 is formed, and you may make it this alloy constitute the gate 
electrode of an N type MIS transistor by diffusing a metal M2 in a metal M1 (it considers as a modification 1). 
[01 13] Moreover, in case the metal M2 which constitutes the gate electrode of an N type MIS transistor for the 
inside of the metal M1 which constitutes the gate electrode of a P type MIS transistor from an example 
mentioned above is diffused Although it was made to make an N type MIS transistor field diffuse a metal M2 
alternatively by using as a mask of diffusion of the silicon nitride 214 The silicon nitride 214 forms a metal M2 
alternatively only on the metal M1 of an N type MIS transistor field, and you may make it diffuse a metal M2 in a 
metal M1 alternatively only in an N type MIS transistor field like the example mentioned above, without forming (it 
considers as a modification 2). 

[0114] Furthermore, although the basic example and modifications 1 and 2 which were mentioned above deposit a 
metal M2 in a gate-dielectric-film interface or are performing the approach of forming the alloy of a metal M1 and 
a metal M2, to the gate electrode of an N type MIS transistor, they may perform the same approach to the gate 
electrode of a P type MIS transistor. 

[01 15] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt, it is possible to optimize the work function of the gate electrode of 
N type and each P type MIS transistor, and to optimize the threshold electrical potential difference of both 
transistors. Moreover, since etching removal of the metal membrane formed in Mizouchi for gate electrode 
formation is not carried out like before with this operation gestalt, it is possible to control the fall of the 
dependability of gate dielectric film. 

[0116] (Operation gestalt 3) An example of the production process is hereafter explained with reference to 
drawing 1515 (a) - drawing 17 (h) about the 1st example concerning the 3rd operation gestalt of this invention. 
[01 17] first, a silicon substrate 301 top — isolation 302 — forming — then, an N type MIS transistor field — the 
well of P type — a diffusion layer 303 — a P type MIS transistor field — the well of N type — a diffusion layer 
304 is formed ( d ra wing 15 (a)) 
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Next, about 5nm oxidizes the front face of the exposed silicon substrate 301, and the silicon oxide 305 used as a 
dummy insulator layer is formed. Then, the polish recon film 306 used as the dummy gate is deposited, and 
patterning of this is carried out to the configuration of a gate electrode. Then, the poly SHIRIKO film 306 used as 
the dummy gate is used as a mask, arsenic is made an N type field, the ion implantation of the boron is made to a 
P type field, and the shallow impurity diffused layer used as the source drain diffusion layer 307 is formed. Then, 
the silicon nitride 308 is deposited and a side-attachment-wall insulator layer is formed by carrying out 
anisotropic etching of this. Then, this side-attachment-wall insulator layer 308 and the polish recon film 306 are 
used as a mask, arsenic is made an N type field, the ion implantation of the boron is made to a P type field, and 
the deep impurity diffused layer used as the source drain diffusion layer 309 is formed ( drawing 15 (b)). 
[01 18] Next, silicon oxide is deposited on the whole surface as an interlayer insulation film 310. Then, using the 
CMP method, flattening is carried out until the polish recon film 306 exposes silicon oxide 310 ( dramrs_\5 (c)). 
[01 19] Next, the polish recon film 306 is removed using isotropic etching techniques, such as chemical dry 
etching. Then, etching removal of the exposed silicon oxide 305 is carried out by rare hydrofluoric acid treatment 
etc., and the slot 31 1 for gate electrode formation is formed in the both sides of N type and a P type MIS 
transistor field ( drawin g 16 (d)). 

[0120] Next, the silicon substrate 301 of slot 31 1 pars basilaris ossis occipitalis for gate electrode formation is 
oxidized by thermal oxidation processing, and the gate dielectric film which consists of silicon oxide 312 is 
formed. Then, the tungsten silicide (WSi2) film 313 is deposited on the whole surface with a CVD method as a 
gate electrode material of an N type MIS transistor. Then, the tungsten silicide film 313 deposited on the exterior 
of the slot 311 for gate electrode formation by the CMP method is removed, and the tungsten silicide film 313 is 
made to save only in the slot 31 1 for gate electrode formation ( drawing 16 (ej). 

[0121] Next, the silicon nitride 314 is deposited on the whole surface, and only an N type MIS transistor field is 
made to save the silicon nitride 15 with photolithography and an etching technique further. Then, the palladium 
(Pd) film 315 is deposited on the whole surface by a spatter etc. ( drawing 16 (f)). 

[0122] Next, 600 degrees C and 1 -minute room [ about ] annealing treatment are performed. Thereby, the 
tungsten silicide film 313 currently embedded at the gate electrode section of a P type MIS transistor field reacts 
with the palladium film 315. Consequently, the palladium silicide (Pd2 Si) film 316 is formed in the field to which 
the tungsten silicide film 313 existed from the first, and a tungsten is discharged in the palladium film of the upper 
part of this palladium silicide film 316. In an N type MIS transistor field, since it is formed silicon nitride 314, the 
tungsten silicide film 313 is not permuted by the palladium silicide film 316. Then, CMP etc. removes the metal 
and the silicon nitride 314 which remained in the exterior of the slot for gate electrode formation. Thereby, the 
gate electrode of a P type MIS transistor is formed with the palladium silicide film 316 ( drawing 17 (g)). 
[0123] Next, the silicon oxide used as an interlayer insulation film 317 is deposited on the whole surface. Then, 
the hole for the contact which reaches the source drain and gate electrode of an MIS transistor is formed in 
interlayer insulation films 317 and 310. Then, the metal membrane for wiring 318 is deposited and the MIS 
transistor transistor of N type and P type is completed by carrying out patterning of this ( drawing 17 (h)). 
[0124] In addition, although the tungsten silicide (WSi2) film was used as a gate electrode material of an N type 
MIS transistor in the example mentioned above, it is also possible to use silicide, such as molybdenum silicide 
(MoSi2), tantalum silicide (TaSi2), niobium silicide (NbSi2), or chromium silicide (CrSi2), instead of tungsten 
silicide. 

[0125] Moreover, by forming the palladium (Pd) film on the tungsten silicide film of a P type MIS transistor field, 
and making palladium react with the tungsten silicide film by heat treatment in the example mentioned above 
Although tungsten silicide was permuted by palladium silicide (Pd2 Si, PdSi) It is also possible to use nickel 
(nickel) or platinum (Pt) instead of palladium, and to permute by silicide, such as nickel silicide (NiSi and NiSi2) or 
platinum silicide (Pt2 Si, PtSi). 

[0126] Moreover, Ta 205 formed with the CVD method etc. although the silicon oxide obtained by heat treatment 
as gate dielectric film was used in the example (even the following examples [ 2nd and 3rd ] are the same) 
mentioned above You may make it use the film. 

[0127] Next, an example of the production process is explained with reference to drawing 18 (a) - Fig : 1818 (c) 
about the 2nd example concerning the 3rd operation gestalt of this invention. 

[0128] In addition, since it is the same as that of the 1st example which the intermediate process (process of 
drawing 15 (a) - drawing 16 (e)) mentioned above, this example explains the process after the process of drawing 
16 (e). 

[0129] After the process of drawing 16 (e), after carrying out the mask of the N type MIS transistor field by the 
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resist 321, with ion-implantation, the ion implantation of the germanium ion (germanium*) is alternatively carried 
out only to the tungsten silicide film 313 of a P type MIS transistor field, and it is referred to as tungsten silicide 
film 313a containing germanium. At this time, concentration of the germanium ion introduced into the tungsten 
silicide film 313 is made into the concentration more than the solid-solution limit of the germanium in tungsten 
silicide (about [ for example, / 1x1 01 7cm - ] 3) ( drawing 18 (a)). 

[0130] Next, the mask of the P type MIS transistor field is carried out by the resist 322, and with ion- 
implantation, the ion implantation of the indium ion (In+) is alternatively carried out only to the tungsten silicide 
film 313 of an N type MIS transistor field, and it is referred to as tungsten silicide film 313b containing an indium. 
At this time, concentration of the indium ion introduced into the tungsten silicide film 313 is made into the 
concentration more than the solid-solution limit of the indium in tungsten silicide (about [ for example, / 
1 x1 01 7cm - ] 3) ( drawing 18 (b)). 

[0131] Next, the germanium and the indium which were poured in into the tungsten silicide film 313 deposit in the 
interface of the tungsten silicide film 313 and the silicon oxide 312 which is gate dielectric film by performing 800 
degrees C and heat treatment for about 1 minute. Consequently, in a P type MIS transistor, a gate electrode is 
formed of the laminated structure of the germanium film 323 and the tungsten silicide film 313, and a gate 
electrode is formed in an N type MIS transistor of the laminated structure of the indium film 324 and the 
tungsten silicide film 313 ( draw in g 1 8 (c)). 

[0132] Finally, the MIS transistor of N type and P type is completed like the 1st example by depositing an 
interlayer insulation film, making the hole for contact, and forming wiring further. 

[0133] In addition, although the tungsten silicide (WSi2) film was used in the example mentioned above as an 
ingredient beforehand formed into the slot for gate electrodes, it is also possible to use molybdenum silicide 
(MoSi2), tantalum silicide (TaSi2), niobium silicide (NbS»2), or chromium silicide (CrSi2) instead of tungsten 
silicide. 

[0134] Moreover, although the indium (In) was used with germanium (germanium) and an N type MIS transistor 
with the P type MIS transistor, a suitable ingredient is chosen out of germanium, an indium, antimony (Sb), 
platinum (Pt), palladium (Pd), etc., and you may make it deposit a separate ingredient with both the transistors of 
P type and N type in the example mentioned above as an ingredient which deposits a gate-dielectric-film 
interface. Moreover, these ingredients are deposited only about one transistor of P type or N type (it is a deed 
about an ion implantation only about one transistor), and you may make it use a gate electrode material (the 
example mentioned above tungsten silicide) from the first as a gate electrode as it is with the transistor of 
another side. 

[0135] Furthermore, although it was made to deposit the matter which carried out the ion implantation in a gate- 
dielectric-film interface by heat treatment in the example mentioned above, the reactant of each matter which 
carried out the ion implantation of the separate matter to the gate electrode field of P type and an N type MIS 
transistor, and carried out the ion implantation by heat treatment etc., and the gate electrode material currently 
formed in the gate electrode field from the first is formed, and you may make it the work function of the reactant 
of an N type MIS transistor become smaller than the work function of the reactant of a P type MIS transistor. 
[0136] Next, an example of the production process is explained with reference to drawing 19 (a) - Fig. 1919 (c) 
about the 3rd example concerning the 3rd operation gestalt of this invention. 

[0137] In addition, since it is the same as that of the 1st example which the intermediate process (process of 
drawing 15 (a) - drawing 16 (d)) mentioned above, this example explains the process after the process of drawing 
16 (d). 

[01 38] After the process of drawing (e), a spatter and the CMP method are used for the slot for gate 
electrode formation, and the nickel (nickel) film 331 is embedded as a gate electrode material of a P type MIS 
transistor in it ( drawing 19 (a)). 

[0139] Next, after depositing the amorphous silicon (a-Si) film 332 on the whole surface by a spatter etc., the 
amorphous silicon film 332 of fields other than on an N type MIS transistor field is removed using the 
photolithography method, the dry etching method, etc. ( drawin g 19 (b)). 

[0140] Next, by adding 400 degrees C and heat treatment for about 1 minute, in the gate electrode section of an 
N type MIS transistor field, the nickel film 331 and the amorphous silicon film 332 are made to react, and the 
nickel silicide (NiSi) film 333 is formed. Then, isotropic etching, such as chemical dry etching, removes the 
amorphous silicon film 332 which was not contributed to a reaction. Thus, by changing the nickel film 331 to the 
nickel silicide film 333, the work function of an ingredient can be reduced to about 4.36eV from about 5.0eV 
( dra vying 19 (c)). 
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[0141] Finally, the MIS transistor transistor of N type and P type is completed like the 1st example by depositing 
an interlayer insulation film, making the hole for contact, and forming wiring further. 

[0142] In addition, in the example mentioned above, the gate electrode of a P type MIS transistor may be formed 
by cobalt (Co), cobalt silicide (CoSi2), chromium (Cr) and chromium silicide (CrSi2), molybdenum (Mo), 
molybdenum silicide (MoSi2), etc., although nickel (nickel) and the gate electrode of an N type MIS transistor 
were made into nickel silicide (NiSi and NiSi2). 

[0143] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt, it is possible to optimize the work function of the gate electrode of 
N type and each P type MIS transistor, and to optimize the threshold electrical potential difference of both 
transistors. Moreover, since etching removal of the metal membrane formed in Mizouchi for gate electrode 
formation is not carried out like before with this operation gestalt, it is possible to control the fall of the 
dependability of gate dielectric film. 

[0144] As mentioned above, although the operation gestalt of this invention was explained, it is possible for this 
invention to deform within limits which are not limited to the above-mentioned operation gestalt and do not 
deviate from the meaning variously, and to carry out. 
[0145] 

[Effect of the Invention] According to this invention, it is possible by optimizing the work function of the gate 
electrode of N type and each P type MIS transistor to optimize the threshold electrical potential difference of N 
type and a P type MIS transistor. Moreover, it becomes it is possible to attain detailed-izing of a semiconductor 
device and low resistance-ization, and possible to raise the dependability of a gate electrode etc. further. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to amelioration of the gate electrode of a semiconductor device and 
its manufacture approach especially an N type MIS transistor, and a P type MIS transistor. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] For high-performance-izing of an MIS transistor, detailedHzing of a component is 
indispensable. However, since the silicon oxide used as gate dielectric film now has the low dielectric constant, it 
has the problem that capacity of gate dielectric film cannot be enlarged. Moreover, since the polish recon used as 
a gate electrode has high resistivity, it has the problem that low resistance-ization cannot be attained. The 
proposal of using a metallic material for a gate electrode is made by gate dielectric film to each problem using 
high dielectric materials. 

[0003] However, these ingredients have the fault that it is inferior to thermal resistance compared with the 
ingredient used now. Then, after performing an elevated-temperature process, the DAMASHIN gate technique is 
proposed as a technique which can form gate dielectric film and a gate electrode. 

[0004] A DAMASHIN gate technique embeds an electrode material to the field which removed the dummy gate 
after forming in the gate formation schedule field the gate which serves as a dummy beforehand and forming a 
source drain diffusion layer, and removed the dummy gate, and produces a gate electrode. 

[0005] Since the work function of the gate electrode of both transistors cannot be changed if the same metal is 
used for the gate electrode of N type and a P type MIS transistor when producing a gate electrode using a pellet 
scene gate technique, the threshold of N type and each P type MIS transistor cannot be rationalized. 
[0006] Therefore, the manufacture process using a different gate electrode material is needed with an N type 
MIS transistor and a P type MIS transistor. Hereafter, an example of such a manufacture process is explained 
with reference to drawing 20 (a) - drayying 23 (i). 

[0007] First, the isolation 502 of STI structure is formed on a silicon substrate 501. Then, silicon oxide 503 of 
about 6nm of thickness is formed as a dummy insulator layer removed in the future. Furthermore, the laminated 
structure of the polish recon film 504 of about 1 50nm of thickness and the silicon nitride 505 of about 50nm of 
thickness is formed as the dummy gate removed in the future. These dummy insulator layers and the dummy gate 
are formed using the usual techniques (membrane formation techniques, such as oxidation and CVD, a lithography 
technique, RIE technique, etc.). Then, the impurity diffused layer for extensions used as the source drain diffusion 
layer 506 is formed with an ion-implantation technique by using the dummy gate (the polish recon film 504 and 
silicon nitride 505) as a mask. Then, a gate side-attachment-wall insulator layer with a width of face of about 
40nm which consists of a silicon nitride 507 is formed with a CVD technique and a RIE technique ( drawing 20 
(a)). 

[0008] Next, the high concentration impurity diffused layer used as the source drain diffusion layer 508 is formed 
with an ion-implantation technique by using the dummy gate (the polish recon film 504 and silicon nitride 505) an< 
a gate side-attachment-wall insulator layer (silicon nitriding 507) as a mask. Furthermore, the silicide film (silicide 
such as cobalt or titanium) 509 with a thickness of about 40nm is formed only in a source drain field by using the 
dummy gate as a mask with a salicide process technique ( drawin g 20 (b)). 

[0009] Next silicon oxide is deposited with a CVD method as an interlayer insulation film 510. Furthermore, the 
front face of the silicon nitrides 505 and 507 is exposed by carrying out flattening of this interlayer insulation film 
510 with a CMP technique ( drawing 20 (c)). 

[0010] Next, the silicon nitride 505 of the dummy gate upper part is alternatively removed to an interlayer 
insulation film 510, for example using phosphoric acid. At this time, the silicon nitride 507 is also etched to height 
extent of the polish recon film 504. Then, the etching technique using the radical of halogen atoms, such as a 
fluorine, removes the polish recon film 504 alternatively to an interlayer insulation film 510 and the silicon nitride 
507, for example ( drawing„21 (d)). 

[001 1] Next, a slot (crevice) is formed by removing dummy silicon oxide 503 by wet etching, such as fluoric acid. 
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Then, Ta 205 which is a high dielectric insulator layer as gate dielectric film The film 512 is formed with a CVD 
method etc. Then, the aluminum film 513 is deposited as a gate electrode ( drawing 21 R> 1 (e)). 
[0012] Next, a CMP technique is used and it is Ta 205. Flattening of the film 512 and the aluminum film 513 is 
performed until an interlayer insulation film 510 is exposed ( drawin g 21 (f)). 

[0013] Although the process of the above drawing 20 (a) - drawing 21 (f) was performed to the both sides of an 
N type MIS transistor formation field and a P type MIS transistor formation field, it showed only one field on the 
drawing. From future processes, the both sides of an N type MIS transistor (N type MISFET) formation field and a 
P type MIS transistor (P type MISFET) formation field are shown on a drawing. 

[0014] It covers except a P type MIS transistor formation field by the resist 514 after the process of drawing 21 
(f) using a lithography technique ( drawin g 22 (g)). 

[0015] Next, only a P type field removes the aluminum film 513 by performing wet etching by phosphoric acid. 
Although the silicon nitride 507 is exposed at this time, in the phosphoric acid of a room temperature, it is hardly 
etched ( drawing 22 R> 2 (h)). 

[0016] Next, after removing a resist 514, the cobalt film 515 is deposited on the whole surface as a metal with 
which a work function is set to about 5eV ( dra w ing 23 (i)). 

[0017] Next, using a CMP technique, flattening of the cobalt film 515 is performed until an interlayer insulation 
film 510 is exposed ( drawing 23 0)). 

[0018] According to the above process, as gate electrode structure, N type consists of aluminum film 513, and 
C-MIS transistor which consists of cobalt film 515 completes P type. Since a work function is about 5eV, it is 
with an N type MIS transistor and a P type MIS transistor, and, as for about 4.2eV and the cobalt film 515, can 
optimize the work function of a gate electrode by each, and as for the aluminum film 513, a work function can 
optimize the threshold electrical potential difference of both transistors. 

[0019] However, with the conventional technique mentioned above, a big problem arises to detailed-izing. 
Hereafter, this problem is explained. 

[0020] Drawing 24 (a), d raw ing 24 (b), and drawing 24 (c) are the top views having shown typically the principal 
part in drawing 2 2 (g), drawin g 22 (h), and drawing 2323 (j), respectively. The distance between each source drain 
of an N type MIS transistor and a P type MIS transistor, i.e., the distance between components, is set to D. 
[0021] In the process of dr a win g 22 (h), if a resist 514 is used as a mask and wet etching of the aluminum film 
51 3 of a P type field is carried out, wet etching will advance isotropic. Therefore, etching will go deeply to the 
field by which the mask was carried out by the resist 514, and as shown in dra wi ng 24 (b), the aluminum film 513 
will be etched to an N type field. 

[0022] Therefore, the completed transistor structure comes to be shown in drawing 24 (c). That is, a gate 
electrode will be constituted from an N type field by the aluminum film and cobalt film with which work functions 
differ mutually. The field where thresholds differ will exist and it becomes impossible therefore, to desire a setup 
of a low threshold electrical potential difference in an N type MIS transistor. 

[0023] The problem mentioned above is examined further. The amount E of etching of the longitudinal direction 
by wet etching becomes more than height H (refer to dr awin g 22 (h)) of the aluminum film usually etched. In the 
example mentioned above, since height H of the aluminum film is about 150nm, the lateral amount E of etching is 
set to 1 50nm or more. Therefore, in order to avoid the problem mentioned above, it is necessary to make 
distance D between components into twice [ more than / more than ], i.e., 300nm, the lateral amount E of 
etching, and it becomes very difficult to perform detailed-ization. Although detailed-ization of extent which is 
making height H of the aluminum film low is attained, since gate resistance increases by reduction of height H of 
the aluminum film, it does not become an essential solution. 

[0024] Moreover, with the conventional technique mentioned above, a big problem arises also to the dependability 
of gate dielectric film etc. Hereafter, this problem is explained. 

[0025] In the conventional technique mentioned above, in the process of drawing 22 (h), after removing the 
aluminum film 513 of a P type field by wet etching, the cobalt film 515 is formed in the removed field at drawing 
23 (i) and the process of (j)- Therefore, by etching of the aluminum film 513 etc., the front face of gate dielectric 
film 512 will deteriorate, and a bad influence will arise to the dependability of gate dielectric film. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, it is possible by optimizing the work function of the gate 
electrode of N type and each P type MIS transistor to optimize the threshold electrical potential difference of N 
type and a P type MIS transistor. Moreover, it becomes it is possible to attain detailed-izing of a semiconductor 
device and low resistance-ization, and possible to raise the dependability of a gate electrode etc. further. 
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TECHNICAL PROBLEM 

[Probiem(s) to be Solved by the Invention] As stated above, since etching advanced deeply in a longitudinal 
direction in case etching removal of the dummy gate is carried out, there was a problem that detailedHzing was 
difficult, with the conventional DAMASHIN gate technique. Moreover, there was also a problem of having a bad 
influence on the dependability of gate dielectric film etc., by carrying out etching removal of the dummy gate. 
[0027] This invention is made to the above-mentioned conventional problem, sets it as the 1st purpose to attain 
detailed-ization of a semiconductor device in the semiconductor device with which a gate electrode is produced 
using a DAMASHIN gate technique etc., and sets it as the 2nd purpose to secure the dependability of a gate 
electrode etc. 
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MEANS 

[Means for Solving the Problem] This invention (invention A) is a semiconductor device with which the gate 
electrode of an N type MIS transistor and each P type MIS transistor is formed through gate dielectric film in the 
crevice formed in the semi-conductor substrate. One [ at least ] gate electrode of an N type MIS transistor and 
a P type MIS transistor is constituted by the laminated structure of two or more metal content film. That and it 
is smaller than the work function (W2) of the part of the metal content film with which the work function (W1) of 
the part of the metal content film which touches the gate dielectric film of an N type MIS transistor which 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least It considers as the description. 

[0029] This invention (invention B) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1 st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which removes the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field. It consists of a process which embeds the crevice of the field of the both sides of the 1st 
and 2nd gate formation fields by forming the 2nd metal content film on the 1st metal content film saved to the 
field of another side of the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1st or 
2nd gate formation field. The inside of said 1st and 2nd metal content film, The work function of the part of the 
metal content film of the direction where the work function (W1) of the part of the metal content film of the 
direction which touches the gate dielectric film of an N type MIS transistor which touches gate dielectric film at 
least touches the gate dielectric film of a P type MIS transistor which touches gate dielectric film at least It is 
characterized by being smaller than (W2). 

[0030] This invention (invention C) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1 st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which removes the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field, The process which forms the 3rd metal content film on the 1st metal content film saved to 
the field of another side of the 1st or 2nd gate formation field, and the gate dielectric film of one field of the 1 st 
or 2nd gate formation field, The process which removes the 3rd metal content film formed in the field of another 
side of the 1 st or 2nd gate formation field, By forming the 2nd metal content film on the 1 st metal content film 
exposed to the field of another side of the 3rd metal content film top saved to one field of the 1st or 2nd gate 
formation field, and the 1st or 2nd gate formation field It consists of a process which embeds the crevice of the 
field of the both sides of the 1st and 2nd gate formation fields. The inside of said 1st and 2nd metal content film, 
The work function of the part of the metal content film of the direction where the work function (W1) of the part 
of the metal content film of the direction which touches the gate dielectric film of an N type MIS transistor whicl 
touches gate dielectric film at least touches the gate dielectric film of a P type MIS transistor which touches 
gate dielectric film at least It is characterized by being smaller than (W2). 

[0031] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor is 
smaller than the work function of the part which touches the gate dielectric film of a P type MIS transistor 
according to this invention (invention A, B, and C), the work function of the gate electrode of N type and each P 
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type MIS transistor can be optimized, and it is possible to optimize the threshold electrical potential difference of 
N type and a P type MIS transistor. 

[0032] Moreover, according to this invention (invention A, B, and C), since one [ at least ] gate electrode of an N 
type MIS transistor and a P type MIS transistor is formed by two or more metal content film, even if its 
resistivity of the film of the part which touches gate dielectric film is not low, resistance of the whole gate 
electrode can be made low by preparing the film with low resistivity in an upper layer side. 

[0033] Moreover, according to this invention (invention B and C), since the 2nd metal content film is formed on 
the 1st and 3rd metal content film, thickness of the 1st and 3rd metal content film can be made thin. Therefore, 
in case the metal content film (the 1st, 3rd metal content film) formed in one field of the 1st or 2nd gate 
formation field is removed, it can prevent that etching advances deeply to the field of another side of the 1st or 
2nd gate formation field, and it becomes possible to attain detailed-ization of a semiconductor device. 
[0034] In addition, it is desirable that a work function W1 is in the side near [ center / (one half of locations of a 
band gap) / of the band gap of the semi-conductor used for a semi-conductor substrate ] a conduction band in 
this invention (invention A, B, and C), and a work function W2 is in the side near [ center / of a band gap ] a load 
electronic band. Moreover, although the thickness of the field which touches the gate dielectric film which 
determines the threshold of an MIS transistor should just be more than thickness from which a desired threshold 
is obtained, it is made to become more than 1 0 atomic-layer extent preferably. 

[0035] Moreover, what is necessary is just to be able to change both work function by changing a presentation or 
the crystal structure among both in this invention (invention A, B, and C), even if each part which touches the 
gate dielectric film of N type and a P type MIS transistor does not necessarily need to be an ingredient of a 
different kind and is an ingredient of the same kind. 

[0036] This invention (invention D) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors. It consists of a process which changes the 1 st metal content film into the 2nd metal 
content film by making the matter contained in the 1st metal content film formed in one field of the 1st or 2nd 
gate formation field, and matter other than this matter react. The inside of said 1st and 2nd metal content film, 
The work function of the part of the metal content film of the direction which touches the gate dielectric film of 
an N type MIS transistor which touches gate dielectric film at least is characterized by being smaller than the 
work function of the part of the metal content film of the direction which touches the gate dielectric film of a P 
type MIS transistor which touches gate dielectric film at least. 

[0037] This invention (invention E) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, The process which changes the 1st metal content film into the 2nd metal content film by 
making the matter contained in the 1st metal content film formed in one field of the 1st or 2nd gate formation 
field, and matter other than this matter react. It consists of a process which changes the 1st metal content film 
into the 3rd metal content film by making the matter contained in the 1st metal content film formed in the field of 
another side of the 1st or 2nd gate formation field, and matter other than this matter react. The inside of said 
2nd and 3rd metal content film, The work function of the part of the metal content film of the direction which 
touches the gate dielectric film of an N type MIS transistor which touches gate dielectric film at least is 
characterized by being smaller than the work function of the part of the metal content film of the direction which 
touches the gate dielectric film of a P type MIS transistor which touches gate dielectric film at least. 
[0038] This invention (invention F) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, It consists of a process which forms the 2nd metal content film by diffusing matter other 
than the matter contained in the 1st metal content film, and depositing a gate-dielectric-film interface, the inside 
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of the 1st metal content film formed in one field of the 1st or 2nd gate formation field — this — among said 1st 
and 2nd metal content film The work function of the part of the metal content film of the direction which touches 
the gate dielectric film of an N type MIS transistor which touches gate dielectric film at least is characterized by 
being smaller than the work function of the part of the metal content film of the direction which touches the gate 
dielectric film of a P type MIS transistor which touches gate dielectric film at least. 

[0039] This invention (invention G) is the manufacture approach of the semiconductor device which forms the 
gate electrode of an N type MIS transistor and each P type MIS transistor through gate dielectric film in the 
crevice formed in the semi-conductor substrate. The process which forms the 1st metal content film on the gate 
dielectric film with which the process which forms said gate electrode was formed in the crevice of the field of 
the both sides of the 1 st gate formation field for N type MIS transistors, and the 2nd gate formation field for P 
type MIS transistors, the inside of the 1st metal content film formed in one field of the 1st or 2nd gate formation 
field — this — with the process which forms the 2nd metal content film by diffusing matter other than the 
matter contained in the 1st metal content film, and depositing a gate-dielectric-film interface It consists of a 
process which forms the 3rd metal content film by diffusing matter other than the matter contained in the 1st 
metal content film, and depositing a gate-dielectric-film interface, the inside of the 1st metal content film formed 
in the field of another side of the 1st or 2nd gate formation field — this — among said 2nd and 3rd metal content 
film The work function of the part of the metal content film of the direction which touches the gate dielectric film 
of an N type MIS transistor which touches gate dielectric film at least is characterized by being smaller than the 
work function of the part of the metal content film of the direction which touches the gate dielectric film of a P 
type MIS transistor which touches gate dielectric film at least. 

[0040] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor is 
smaller than the work function of the part which touches the gate dielectric film of a P type MIS transistor 
according to this invention (invention D, E, F, and G), the work function of the gate electrode of N type and each 
P type MIS transistor can be optimized, and it is possible to optimize the threshold electrical potential difference 
of N type and a P type MIS transistor. 

[0041] Moreover, change the 1st metal content film into the 2nd and 3rd metal content film by making the matter 
contained in the 1st metal content film, and matter other than this matter react according to this invention 
(invention D, E, F, and G). Or since the 2nd and 3rd metal content film is formed by diffusing matter other than 
the matter contained in the 1st metal content film in the inside of the 1st metal content film, and depositing a 
gate-dielectric-film interface A gate electrode can be produced without etching the metal content film formed on 
the gate dielectric film in a crevice, and it is possible to prevent the fall of the dependability of gate dielectric 
film. 

[0042] In addition, it is desirable that a work function W1 is in the side near [ center / (one half of locations of a 
band gap) / of the band gap of the semi-conductor used for a semi-conductor substrate ] a conduction band in 
this invention (invention D, E, F, and G), and a work function W2 is in the side near [ center / of a band gap ] a 
load electronic band. Moreover, although the thickness of the field which touches the gate dielectric film which 
determines the threshold of an MIS transistor should just be more than thickness from which a desired threshold 
is obtained, it is made to become more than 10 atomic-layer extent preferably. 
[0043] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained with reference to a 
drawing. 

[0044] (Operation gestalt 1) An example of the production process concerning the 1st operation gestalt of this 
invention is hereafter explained with reference to drawing 1 (a) - drawing 3 (i). 

[0045] First, the isolation 102 of STI structure is formed on a silicon substrate 101. Then, silicon oxide 103 of 
about 2-6nm of thickness is formed as a dummy insulator layer removed in the future. Furthermore, the 
laminated structure of the polish recon film 104 of about 150nm of thickness and the silicon nitride 105 of about 
50nm of thickness is formed as the dummy gate removed in the future. These dummy insulator layers and the 
dummy gate are formed using the usual techniques (membrane formation techniques, such as oxidation and CVD, 
a lithography technique, RIE technique, etc.). Then, the impurity diffused layer for extensions used as the source 
drain diffusion layer 106 is formed with an ion-implantation technique by using the dummy gate (the polish recon 
film 104 and silicon nitride 105) as a mask. Then, a gate side-attachment-wall insulator layer with a width of face 
of about 20-40nm which consists of a silicon nitride 107 is formed with a CVD technique and a RIE technique 
( drawing 1 (a)). 

[0046] Next, the high concentration impurity diffused layer used as the source drain diffusion layer 108 is formed 
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with an ion-implantation technique by using the dummy gate (the polish recon film 104 and silicon nitride 105) and 
a gate side-attachment-wall insulator layer (silicon nitriding 107) as a mask. Furthermore, the silicide film (silicide, 
such as cobalt or titanium) 109 with a thickness of about 40nm is formed only in a source drain field by using the 
dummy gate as a mask with a salicide process technique ( drawing 1 (b)). 

[0047] Next, silicon oxide is deposited with a CVD method as an interlayer insulation film 1 10. Furthermore, the 
front face of the silicon nitrides 105 and 107 is exposed by carrying out flattening of this interlayer insulation film 
110 with a CMP technique ( drawing 1 (c)). 

[0048] Next, the silicon nitride 105 of the dummy gate upper part is alternatively removed to an interlayer 
insulation film 110, for example using phosphoric acid. At this time, the silicon nitride 107 is also etched to height 
extent of the polish recon film 104. Then, the etching technique using the radical of halogen atoms, such as a 
fluorine, removes the polish recon film 104 alternatively to an interlayer insulation film 1 10 and the silicon nitride 
1 07, for example ( drawing 2 (d)). 

[0049] Next, a slot (crevice) 1 1 1 is formed by removing dummy silicon oxide 103 by wet etching, such as rare 
fluoric acid. Then, the hafnium oxide film (Hf02 film) which is a high dielectric insulator layer is formed in the 
whole surface as gate dielectric film. This hafnium oxide film is HfCI4. NH3 It is obtained by oxidizing the hafnium 
nitride which formed membranes by the spatter using the target of the used CVD methpd, a hafnium nitride (HfN), 
or a hafnium, after forming a hafnium nitride (HfN film) ( drawingJZ (e)). 

[0050] Next, the hafnium nitride 1 1 3 whose work function is about 4eV is desirably formed on the whole surface 
by 1 0nm or less about 1 0nm in thickness using a CVD method or a spatter ( dr awin g 2 (f)). 

[0051] Although the process of the above drayying j ( a ) - drayying 2 (f) was performed to the both sides of an N 
type MIS transistor formation field and a P type MIS transistor formation field, it showed only one field on the 
drawing. From future processes, the both sides of an N type MIS transistor (N type MISFET) formation field and a 
P type MIS transistor (P type MISFET) formation field are shown on a drawing. 

[0052] It covers except a P type MIS transistor formation field by the resist 114 after the process of drawing 2 
(f) using a lithography technique. The top view of the principal part at this time is typically shown in drawing 4 (a) 
( drawing 3 (g)). 

[0053] Next, only a P type field removes the hafnium nitride 1 13 by performing wet etching by hydrogen peroxide 
solution. The top view of the principal part at this time is typically shown in drawing 4 (b). Since the hafnium oxide 
film 1 12 of gate dielectric film is insoluble to hydrogen peroxide solution, it is not etched. Moreover, since the 
hafnium nitride 113 is very thin (about 10nm), unlike the case of the conventional technique, the hafnium nitride 
1 13 is not deeply etched to an N type field, that is, in this example, the thickness of the hafnium nitride 113 is 
about 10nm — it comes out and the lateral amount E of etching is set to about 10nm. Therefore, if the distance 
D between components is about 20nm or more, the trouble of the conventional technique can be canceled and it 
will become possible to perform large detailed-ization ( dr aw ing 3 (h)). 

[0054] Next, after removing resist 1 14, a work function deposits the cobalt film 1 15 on the whole surface as 
noble-metals film which is about 5eV. Membrane formation of cobalt is performed using a spatter, or they are Co 
(CO)4 and Co2. 8, CoF2, and CoCI2 Or CoBr2 It carries out using the CVD method used as the gas source. Then, 
with a CMP technique, flattening of the cobalt film 1 15, the hafnium nitride 113, and the hafnium oxide film 1 12 is 
performed until an interlayer insulation film 1 10 is exposed. The top view of the principal part at this time is 
typically shown in drawing 4 R> 4 (c) ( drawi ng 3 (i)). 

[0055] According to the above process, as gate electrode structure, N type consists of a laminated structure of 
the hafnium nitride 113 and the cobalt film 115, and C-MIS transistor which consists of monolayer structure of 
the cobalt film 1 1 5 completes P type. 

[0056] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt (a work function is [ the hafnium nitride 1 13 / a work function ] 
about 5eV at the example mentioned above for about 4eV and the cobalt film 115), it is possible to optimize the 
work function of the gate electrode of N type and each P type MIS transistor, and to optimize the threshold 
electrical potential difference of both transistors. 

[0057] Moreover, with this operation gestalt, in case the hafnium nitride 1 13 of a P type field is removed, since 
the thickness of the hafnium nitride 1 13 is very thin, it can avoid that the hafnium nitride 1 13 is deeply etched to 
an N type field, and it becomes possible to perform large detailed-ization. Furthermore, with this operation 
gestalt, since the cobalt film 1 15 of low resistance is formed on the hafnium nitride 113, the gate electrode of an 
N type MIS transistor can reconcile optimization of a work function, and low resistanceHzation. 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2006/06/08 



JP,2000-315789,A [MEANS] 



5/12 s<—i> 



[0058] Drawing 5 shows the component separation distance (distance between components, distance D shown in 
drawing 4 ) dependency of a threshold (threshold voltage) about the N type and the P type MIS transistor by this 
operation gestalt and the conventional technique. 

[0059] In this operation gestalt and the conventional technique, about the P type MIS transistor, the threshold 
serves as [ the component separation distance D ] regularity and a low battery (about -0.2V) to about 400nm. On 
the other hand, about an N type MIS transistor, a threshold is beginning to rise [ the distance D between 
components ] by 300nm or less with the conventional technique. This is because it consists of metals a part of 
whose N type MIS transistors are about 5.0eV of work functions. On the other hand, with this operation gestalt, 
even if it makes distance D between components detailed to 40nm, it turns out that a threshold is fixed. 
[0060] In the example mentioned above, the gate electrode of an N type MIS transistor explained the case where 
the gate electrode of a P type MIS transistor was the monolayer structure of the cobalt film, by the laminated 
structure of a hafnium nitride and the cobalt film. Not only gate electrode structure such but various deformation 
is possible for this operation gestalt. Then, some modifications are explained below. 

[0061] the fundamental gate structure in this operation gestalt — three kinds, Structure A, Structure B, and 
Structure C, — it is . About Structure A, drawing 7 corresponds about Structure B and drawing 8 corresponds 
[ drawin g 6 / Structure / C ], respectively. About such structures A, Structure B, and Structure C, structure (it 
considers as Structure D) as shown in drawing 9 is also included as a variation of such structures. In addition, 
drawing 6 - drawing 9 show only gate dielectric film and a gate electrode typically. 

[0062] The gate electrode of an N type MIS transistor consists of the 1st metal content film F1 and the 2nd 
metal content film F2 which were formed on gate dielectric film F0, the gate electrode of a P type MIS transistor 
consists of the 2nd metal content film F2 formed on gate dielectric film F0, and Structure A (refer to drawin g 6 ) 
has the work function of the 1st metal content film F1 smaller than the work function of the 2nd metal content 
film F2. 

[0063] The process at which the manufacture approach of Structure A forms the 1st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for N type and P type MIS transistors, The 
process which removes the 1st metal content film F1 of the gate formation field for P type MIS transistors, By 
forming the 2nd metal content film F2 on the 1st [ of the gate formation field for N type MIS transistors ] metal 
content film F1, and the gate dielectric film F0 of the gate formation field for P type MIS transistors It consists of 
a process which embeds the crevice of the gate formation field of the both sides of N type and a P type MIS 
transistor. 

[0064] The gate electrode of a P type MIS transistor consists of the 1 st metal content film F1 and the 2nd metal 
content film F2 which were formed on gate dielectric film F0, the gate electrode of an N type MIS transistor 
consists of the 2nd metal content film F2 formed on gate dielectric film F0, and the work function of structure of 
the 1st metal content film F1 is [ B (refer to drawing 7 ) ] smaller than the work function of the 2nd metal 
content film F2. 

[0065] The process at which the manufacture approach of Structure B forms the 1st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for N type and P type MIS transistors, The 
process which removes the 1st metal content film F1 of the gate formation field for N type MIS transistors, By 
forming the 2nd metal content film F2 on the 1st [ of the gate formation field for P type MIS transistors ] metal 
content film F1, and the gate dielectric film F0 of the gate formation field for N type MIS transistors It consists o1 
a process which embeds the crevice of the gate formation field of the both sides of N type and a P type MIS 
transistor. 

[0066] It is as drawing 1 - drawin g 3 R> 3 having shown the concrete example of Structure A. Moreover, about 
Structure B f most manufacture approaches shown in drawin g 1 - drawing 3 can be diverted (the thing suitable for 
Structure B is used for each component). Main changed parts are points which carry out the mask of the P type 
MIS transistor field by the resist instead of an N type MIS transistor field in the process of drayying 3 (g). 
[0067] Structure C (refer to drawing 8 ) consists of the 1st metal content film F1 and the 2nd metal content film 
F2 with which the gate electrode of an N type MIS transistor was formed on gate dielectric film F0. The gate 
electrode of a P type MIS transistor consists of the 3rd metal content film F3 and the 2nd metal content film F2 
which were formed on gate dielectric film F0, and the work function of the 1st metal content film F1 is smaller 
than the work function of the 3rd metal content film F3. 

[0068] The process at which the manufacture approach of Structure C forms the 1 st metal content film F1 on 
the gate dielectric film F0 of the gate formation field of the both sides for (refer to drawing 10 ), N type, and P 
type MIS transistors, The process which removes the 1st metal content film F1 of the gate formation field for P 
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type MIS transistors, The process which forms the 3rd metal content film F3 on the 1st [ of the gate formation 
field for N type MIS transistors ] metal content film F1, and the gate dielectric film FO of the gate formation field 
for P type MIS transistors, The process which removes the 3rd metal content film F3 of the gate formation field 
for N type MIS transistors, By forming the 2nd metal content film F2 on the 1 st [ of the gate formation field for N 
type MIS transistors ] metal content film F1, and the 3rd [ of the gate formation field for P type MIS transistors ] 
metal content film F3 It consists of a process which embeds the crevice of the gate formation field of the both 
sides of N type and a P type MIS transistor. 

[0069] In addition, the structure (structure D) where the 2nd metal content film F2 is two or more kinds of 
cascade screens is also included in Structure A, Structure B f and Structure C. Corresponding to the example of 
drawing 6 , the 2nd metal content film F2 of N type and a P type MIS transistor is constituted from an example of 
dr awin g 9 by the cascade screen of metal content film F2a and F2b. 
[6676] Hereafter, the structure A mentioned above - Structure D are explained further. 

[0071] (1) In Structure A (refer to drawing 6 ), the 2nd metal content film F2 is used as a barrier metal which 
determines the threshold of a P type MIS transistor, respectively as a barrier metal the 1st metal content film F1 
decides the threshold of an N type MIS transistor to be. 

[0072] What has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or less, desirably about 4eV) which can optimize the threshold of 
an N type MIS transistor, and does not have a damage is used for the 1st metal content film F1. HfN and ZrN are 
raised to a typical ingredient. These are expected that a work function is about 4eV, and are suitable as a barrier 

metal of N type. ^ _ xgs ,. , 

[0073] What has the low resistivity which has the work function (4.6eV or more, desirably about 5eV) which can 
optimize the threshold of a P type MIS transistor, and can carry out [ low **** ]Hzing of the gate electrode is 
used for the 2nd metal content film F2. The ingredient of a noble-metals system has many whose work function 
is about 5eV, and fits the 2nd metal content film. For Co, from a viewpoint of resistivity, about 5micro ohm-cm 
and nickel are [ about 6micro ohm-cm and Pt ] about 10micro ohm-cm. W and CoSi2 which are used as a current 
gate electrode Resistivity is about Smicro ohm-cm and about 20micro ohm-cm, respectively, and Co, nickel and 
Pt, especially Co are suitable as an ingredient of the 2nd metal content film. 

[0074] It is Hf02 when barrier metal is HfN, although not limited especially about gate dielectric film F0. Using is 
desirable. HfN and Hf02 It is because thermal reaction cannot occur easily in an interface. 
[0075] (2) In Structure B (refer to drawing 7 ), the 2nd metal content film F2 is used as a barrier metal which 
determines the threshold of an N type MIS transistor, respectively as a barrier metal the 1st metal content film 
F1 decides the threshold of a P type MIS transistor to be. 

[0076] What has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or more, desirably about 5eV) which can optimize the threshold of 
a P type MIS transistor, and does not have a damage is used for the 1st metal content film F1. In a typical 
ingredient, it is WNx. And WSix Ny It is raised. 

[0077] What has the low resistivity which has the work function (4.6eV or less, desirably about 4eV) which can 
optimize the threshold of an N type MIS transistor, and can carry out [ low **** ]-izing of the gate electrode is 
used for the 2nd metal content film F2. aluminum (or alloy containing aluminum) is raised as a typical ingredient. 
[0078] (3) In Structure C (refer to drayying 8 ), as a barrier metal the 1st metal content film F1 decides the 
threshold of an N type MIS transistor to be, the 3rd metal content film F3 is used as a barrier metal which 
determines the threshold of a P type MIS transistor, respectively, and the 2nd metal content film F2 is used as 
an electrode material of low resistance. 

[0079] what has possible performing etching (wet etching or dry etching by the radical atom or the radical 
molecule) which has the work function (4.6eV or less, desirably about 4eV) which can optimize the threshold of 
an N type MIS transistor on the 1st metal content film F1, and does not have a damage in it — HfN is used 
typically, what has possible performing etching which has the work function (4.6eV or more, desirably about 5eV) 
which can optimize the threshold of a P type MIS transistor on the 3rd metal content film F3, and does not have 
a damage in it — typical — WNx It uses, aluminum (or alloy containing aluminum) is used for the 2nd metal 
content film F2 at the ingredient and representation target which are low resistance. 

[0080] (4) With the structure A in Structure D (refer to draw i n g 9 ), or the structure corresponding to Structure 
B As 2nd metal content film F2 which is a cascade screen, it is the work function (about N type, 4.6eV or less) 
which can optimize the threshold of N type or a P type MIS transistor about film F2a by the side of a lower layer 
About 4eV and P type, it is called for desirably that it is [ 4.6eV or more ] low resistance to have 5eV desirably 
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at film F2b by the side of the upper layer. 

[0081] With the structure corresponding to the structure C in Structure D, although there is no merit of using the 
film by the side of the lower layer of the 2nd metal content film in order to optimize the threshold of a transistor 
since the 1st metal content film F1 and the 3rd metal content film F3 are under the 2nd metal content film F2, 
there is a merit that diffusion of the metal to the gate dielectric film from an upper layer side can be controlled. 
[0082] Typically, it structure D Sets and the thing corresponding to Structure A which constituted [ the 1st 
metal content film F1 ] upper layer side F2b of Ru02 and the 2nd metal content film for lower layer side F2a of 
HfN and the 2nd metal content film from aluminum is raised. 

[0083] (5) In Structure A, Structure B, and Structure C, it is desirable to use for the 1st metal content film F1 
the metallic compounds which are conductors. As a barrier metal for N type MIS transistors, a hafnium nitride, a 
zirconium nitride, a titanium nitride, a tantalum nitride, a tantalum nitride, and a niobium nitride are raised. A 
tungsten nitride and a tungsten silicification nitride are raised as a barrier metal for P type MIS transistors. 
[0084] (6) In Structure A and Structure C, it is desirable to use the film which contains the alloy containing 
platinum, palladium, nickel, cobalt, a rhodium, a ruthenium, a rhenium, iridium, gold, silver, copper, or these metals 
in the 2nd metal content film F2. 

[0085] (7) In Structure A, Structure B, and Structure C, it is desirable to use for the 2nd metal content film F2 
the film containing the metallic compounds which are conductors. 

[0086] As metallic compounds, a metallic oxide (ruthenium oxide, an iridium acid ghost, rhenium oxide, platinum 
oxide, rhodium oxide) is raised [ 1st ]. Noble-metals system oxide is a conductor in many cases, and is for being 
easy to obtain the work function suitable for a P type MIS transistor. 

[0087] As metallic compounds, metal silicide (platinum silicide, palladium silicide, nickel silicide) is raised to the 
2nd. These can obtain the work function suitable for N type or a P type MIS transistor (especially P type MIS 
transistor). 

[0088] As metallic compounds, a metal nitride (a hafnium nitride, a zirconium nitride, a titanium nitride, a tantalum 
nitride, niobium nitride) is raised to the 3rd. These can obtain the work function suitable for an N type MIS 
transistor. 

[0089] (8) In Structure D, it is desirable for the film of the lowest layer to be [ of the 2nd metal content film F2 ] 
metallic compounds at least. As metallic compounds, a metallic oxide (ruthenium oxide, an iridium acid ghost, 
rhenium oxide, platinum oxide, rhodium oxide), metal silicide (platinum silicide, palladium silicide, nickel silicide), a 
metal nitride (a hafnium nitride, a zirconium nitride, a titanium nitride, a tantalum nitride, a niobium nitride, a 
tungsten nitride, tungsten nitride), and tungsten nitriding silicide are raised. 

[0090] (9) In Structure C, it is desirable to use a tungsten nitride or tungsten nitriding silicide for the 3rd metal 
content film F3. 

[0091] In Structure A - Structure D (10) As gate dielectric film F0 Hf02, Zr02, Ti02, a silicon nitride, and 
aluminum 203, The zirconic acid-ized film containing Ta 205, Nb 205, Y2 03, Ce02, and an yttrium, the 
compound film of barium, strontium, titanium, and oxygen, the compound film of lead, a zirconium, titanium, and 
oxygen, and silicon oxide are raised. 

[0092] By the method of forming the zirconic acid-ized film containing Hf02, Zr02, Ti02, Ta 205, Nb 205, Y2 03, 
Ce02, and an yttrium It is HfCI4, ZrCI4, TiCI4, TaCI5, NbCI5, and Y(Thd) 3 (here, Thd is 2, 2, 6, and 6-tetramethyl 
- 3 and 5-hepta-screw ONETO is meant.), respectively. Ce (Thd)4 and Zr4 (Thd) Y(Thd) 3 To mixed gas, it is 02. 
There is the approach of forming membranes directly with the CVD method which mixed gas. 
[0093] 02 [ moreover, ] instead of [ of gas ] — for example, NH3 etc. — it uses, the zirconium nitride which 
contains each metal nitride, i.e., HfN, ZrN, TiN, TaN, NbN, YN, and CeN, and an yttrium first is formed, and it may 
be made to use each metal nitride by thermal oxidation as an oxide after that. When using this thermal oxidation 
approach, it is desirable to oxidize thermally a nitride 5nm or less, or to make it repeat nitride deposition / 
oxidation of 5nm or less two or more times so that nitrogen may not remain in the film. When a thick nitride is 
oxidized thermally and oxidation temperature is low temperature 500 degrees C or less, it is because it was founc 
out that it becomes impossible for the nitrogen which is a product from the layer which newly oxidized to escape 
from the interior of membranous outside, and it remains in the film. 

[0094] Moreover, before forming the metallic oxide mentioned above, the gate dielectric film F0 of a laminated 
structure may be produced by forming the silicon nitride by the oxidation nitride using oxidation in the silicon 
oxide by thermal oxidation, and NO gas etc., or the CVD method on a silicon substrate, and forming th'e metal 
oxide film mentioned above after that. 

[0095] (1 1) As film by the side of the lowest layer of a gate electrode, when using HfN, ZrN, and TiN, hydrogen 
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peroxide solution can be used for these etching. It is required not to etch gate dielectric film FO at the time of 
etching using this hydrogen peroxide solution. Hf02 mentioned above as gate dielectric film FO, Zr02, Ti02, and 
Si3 N4, aluminum 203, Ta 205, Nb 205, and Y2 03, Since these are insoluble to hydrogen peroxide solution when 
using the zirconic acid-ized film containing Ce02 and an yttrium, the compound film of barium, strontium, 
titanium, and oxygen, the compound film of lead, a zirconium, titanium, and oxygen, and silicon oxide, a problem is 
not produced. 

[0096] As film by the side of the lowest layer of a gate electrode, when using TaN and NbN, these are meltable 
into the mixed liquor of a hydrochloric acid and a nitric acid. Therefore, what is necessary is just to use for gate 
dielectric film FO silicon oxy-night RAIDO which contains insoluble Hf02, Zr02, Ti02, Si3 N4, silicon oxide, and 
nitrogen 1% or more into this mixed liquor. 

[0097] When using aluminum as film by the side of the lowest layer of a gate electrode, aluminum is meltable into 
the mixed liquor of phosphoric acid and a nitric acid. Therefore, what is necessary is just to use the zirconic 
acid-ized film which contains insoluble Hf02, Zr02, Ti02, Ta 205, Nb 205, and an yttrium in gate dielectric film 
FO at this mixed liquor, the compound film of barium, strontium, titanium, and oxygen, the compound film of lead, a 
zirconium, titanium, and oxygen, and silicon oxide. 

[0098] (12) When the metal nitride (HfN, ZrN, TiN, TaN, NbN) mentioned above as film by the side of the lowest 
layer of a gate electrode is used, as for how of the metal nitride film and gate dielectric film to combine, it is 
desirable to fulfill the following conditions other than the etching resistance mentioned above. That is, it is made 
for the free energy of Gibbs of the metallic oxide which consists of a metallic element which constitutes a metal 
nitride to become below the free energy of Gibbs of the metal oxide film used for gate dielectric film, or silicon 
oxide. When it does in this way, it is for possibility that a metal nitride will return gate dielectric film to decrease. 
Specifically, gate dielectric film is Hf02. It is desirable to use HfN, ZrN, TiN, TaN, and NbN for a case as a metal 
nitride, and gate dielectric film is Ta 205. It is desirable to use TaN and NbN for a case as a metal nitride. 
[0099] (Operation gestalt 2) An example of the production process concerning the 2nd operation gestalt of this 
invention is hereafter explained with reference to d ra win g 1 1 (a) - Fig. 1414 (I). 

[0100] First, the front face of a silicon substrate 201 is oxidized thermally, and silicon oxide 202 is formed. Then, 
the silicon nitride 203 is formed on silicon oxide 202 using a CVD method ( drawing 1 1 (a)). 

[0101] Next, the pattern of a photoresist 204 is formed on the silicon nitride 203. Then, an isolation slot is formed 
by using this resist pattern 204 as a mask, and carrying out patterning of the silicon nitride 203, silicon oxide 202, 
and the silicon substrate 201 using anisotropic etching ( drying 11 (b)). 

[0102] Next, a photoresist 204 is ashed and removed. Then, it is the front face of the exposed isolation slot 950 
degrees C and HCI/02 Silicon oxide 205 is formed by oxidizing thermally in an ambient atmosphere. Then, silicon 
oxide 206 is deposited on the whole surface using a CVD method, and an isolation slot is embedded. Furthermore, 
it grinds until the front face of the silicon nitride 203 exposes silicon oxide 206 using the CMP method ( drawing 
11 (c)). 

[0103] Next, the silicon nitride 203 is alternatively removed using heat phosphoric acid. Then, silicon oxide 202 is 
removed using a rare fluoric acid solution. In this case, the upside silicon oxide 206 and the silicon oxide 205 of 
an isolation slot are etched somewhat, and the front face of the silicon substrate 201 near the up edge of an 
isolation slot is exposed ( drawing 12 (d)). 

[0104] Next, 900 degrees C and HCI/02 It oxidizes thermally in an ambient atmosphere and the silicon oxide 207 
used as a dummy insulator layer is formed. Since the dummy insulator layer 207 is formed not only an MIS 
transistor formation field top but on the up edge of an isolation slot, the exposure of a silicon substrate of it is 
lost ( drawing j j> (e)). 

[0105] Next, after forming the polish recon film 208 in the whole surface, the dummy gate is formed by carrying 
out patterning of this polish recon film 208 ( drayying 12 (f)). 

[0106] Next, the dummy gate which consists of polish recon film 208 is used as a mask, and impurity ion is 
injected into the front face of a silicon substrate 201. Furthermore, the source drain diffusion layer 209 is formed 
in self align to the dummy gate by performing hot annealing treatment. Then, an interlayer insulation film 210 is 
deposited on the whole surface, and flattening is carried out until the polish recon film 208 exposes this interlayer 
insulation film 210 using the CMP method. Then, it is the exposed polish recon film 208 CF4 / 02 The downflow 
technique using gas removes ( drawing 13 (g)). 

[0107] Next, in order to adjust the threshold electrical potential difference of N type and each P type MIS 
transistor, the impurity of N type and P type is introduced with ion-implantation into a silicon substrate 201 
through the exposed dummy insulator layer 207, respectively. Then, a slot (crevice) 21 1 is formed by removing 
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the dummy insulator layer 207 using a rare fluoric acid solution. Then, it is Ta 205 as gate dielectric film. The film 
212 is formed. Furthermore, the ruthenium (Ru) film or the palladium (Pd) film 213 is formed about 10nm of 
thickness as a gate electrode material of a P type MIS transistor ( drawing 13 R> 3 (h)). 
[0108] Next, the silicon nitride 214 is formed in the whole surface by 10nm thickness by the plasma-CVD 
method. This silicon nitride 214 is used as diffusion prevention film for preventing diffusion of the indium (In) or 
tin (Sn) formed at a next process. Then, the pattern of a photoresist 215 is formed on a P type MIS transistor 
field ( drawing 1 3 (i)). 

[0109] Next, the silicon nitride 214 of the exposed N type MIS transistor field is removed using the downflow 
method, a photoresist 215 — ashing — after processing removes, the indium (In) film or the tin (Sn) film is 
formed in the whole surface by 1-2nm thickness as a gate electrode material of an N type MIS transistor 
( drawing 14 (j)). 

[01 10] Next, inside [ of 200 degrees C - about 400 degrees C ] low-temperature annealing is performed. Since 
the silicon nitride 214 is formed in the P type MIS transistor field, an indium or tin is alternatively spread only to 
an N type MIS transistor field by this annealing treatment. An indium or tin is diffused through the grain boundary 
of the ruthenium film or the palladium film 213. Ta 205 from which an indium or tin serves as gate dielectric film 
by this It deposits in an interface with the film 212, the ruthenium film, or the palladium film 213. Consequently, 
the indium film or the tin film 216 used as the gate electrode of an N type MIS transistor is formed ( drawing 14 
(k)). 

[01 11] Next, the indium film or the tin film 216 on a P type MIS transistor field is removed alternatively, and the 
silicon nitride 214 is further removed using the downflow method. Then, the tungsten film 217 is embedded in the 
slot of the gate electrode field of N type and a P type MIS transistor, furthermore, the CMP method — using — 
the ruthenium film outside a slot or the palladium film 213, the indium film or the tin film 216, and Ta 205 The film 
212 and the tungsten film 217 are removed, and it leaves only Mizouchi the tungsten film 217. Thereby, the gate 
electrode with which the indium film or the tin film 216 was formed in the lowest layer for the gate electrode with 
which the ruthenium film or the palladium film 213 was formed in the lowest layer with the N type MIS transistor 
consists of P type MIS transistors. Henceforth, an interlayer insulation film 218 and wiring 219 grade are formed, 
and a semiconductor integrated circuit is completed ( draw ing 14 (I)). 

[01 12] In addition, the metal M1 (in the example mentioned above) which constitutes the gate electrode of a P 
type MIS transistor from an example mentioned above Although it was made to deposit a metal M2 in the gate- 
dielectric-film interface of an N type MIS transistor by diffusing the metal M2 (the example mentioned above an 
indium or tin) which constitutes the gate electrode of an N type MIS transistor for the inside of a ruthenium or 
palladium The alloy of a metal M1 and a metal M2 is formed, and you may make it this alloy constitute the gate 
electrode of an N type MIS transistor by diffusing a metal M2 in a metal M1 (it considers as a modification 1). 
[01 13] Moreover, in case the metal M2 which constitutes the gate electrode of an N type MIS transistor for the 
inside of the metal M1 which constitutes the gate electrode of a P type MIS transistor from an example 
mentioned above is diffused Although it was made to make an N type MIS transistor field diffuse a metal M2 
alternatively by using as a mask of diffusion of the silicon nitride 214 The silicon nitride 214 forms a metal M2 
alternatively only on the metal M1 of an N type MIS transistor field, and you may make it diffuse a metal M2 in a 
metal M1 alternatively only in an N type MIS transistor field like the example mentioned above, without forming (it 
considers as a modification 2). 

[0114] Furthermore, although the basic example and modifications 1 and 2 which were mentioned above deposit a 
metal M2 in a gate-dielectric-film interface or are performing the approach of forming the alloy of a metal M1 anc 
a metal M2, to the gate electrode of an N type MIS transistor, they may perform the same approach to the gate 
electrode of a P type MIS transistor. 

[01 15] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt, it is possible to optimize the work function of the gate electrode of 
N type and each P type MIS transistor, and to optimize the threshold electrical potential difference of both 
transistors. Moreover, since etching removal of the metal membrane formed in Mizouchi for gate electrode 
formation is not carried out like before with this operation gestalt, it is possible to control the fall of the 
dependability of gate dielectric film. 

[0116] (Operation gestalt 3) An example of the production process is hereafter explained with reference to 
draw in g 1515 (a) - drawin g 1 7 (h) about the 1st example concerning the 3rd operation gestalt of this invention. 
[01 17] first, a silicon substrate 301 top — isolation 302 — forming — then, an N type MIS transistor field — the 
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well of P type — a diffusion layer 303 — a P type MIS transistor field — the well of N type — a diffusion layer 
304 is formed ( drawing 1 5 (a)) 

Next, about 5nm oxidizes the front face of the exposed silicon substrate 301, and the silicon oxide 305 used as a 
dummy insulator layer is formed. Then, the polish recon film 306 used as the dummy gate is deposited, and 
patterning of this is carried out to the configuration of a gate electrode. Then, the poly SHIRIKO film 306 used as 
the dummy gate is used as a mask, arsenic is made an N type field, the ion implantation of the boron is made to a 
P type field, and the shallow impurity diffused layer used as the source drain diffusion layer 307 is formed. Then, 
the silicon nitride 308 is deposited and a side-attachment-wall insulator layer is formed by carrying out 
anisotropic etching of this. Then, this side-attachment-wall insulator layer 308 and the polish recon film 306 are 
used as a mask, arsenic is made an N type field, the ion implantation of the boron is made to a P type field, and 
the deep impurity diffused layer used as the source drain diffusion layer 309 is formed ( drawing 1 5 (b)). 
[0118] Next, silicon oxide is deposited on the whole surface as an interlayer insulation film 310. Then, using the 
CMP method, flattening is carried out until the polish recon film 306 exposes silicon oxide 310 ( drawing 15 (c)). 
[0119] Next, the polish recon film 306 is removed using isotropic etching techniques, such as chemical dry 
etching. Then, etching removal of the exposed silicon oxide 305 is carried out by rare hydrofluoric acid treatment 
etc., and the slot 31 1 for gate electrode formation is formed in the both sides of N type and a P type MIS 
transistor field ( dravying 16 (d)). 

[0120] Next, the silicon substrate 301 of slot 31 1 pars basilaris ossis occipitalis for gate electrode formation is 
oxidized by thermal oxidation processing, and the gate dielectric film which consists of silicon oxide 312 is 
formed. Then, the tungsten silicide (WSi2) film 313 is deposited on the whole surface with a CVD method as a 
gate electrode material of an N type MIS transistor. Then, the tungsten silicide film 313 deposited on the exterior 
of the slot 31 1 for gate electrode formation by the CMP method is removed, and the tungsten silicide film 31 3 is 
made to save only in the slot 311 for gate electrode formation ( drawing 16 (e)). 

[0121] Next, the silicon nitride 314 is deposited on the whole surface, and only an N type MIS transistor field is 
made to save the silicon nitride 15 with photolithography and an etching technique further. Then, the palladium 
(Pd) film 315 is deposited on the whole surface by a spatter etc. ( drawing 16 (f)). 

[0122] Next, 600 degrees C and 1 -minute room [ about ] annealing treatment are performed. Thereby, the 
tungsten silicide film 313 currently embedded at the gate electrode section of a P type MIS transistor field reacts 
with the palladium film 315. Consequently, the palladium silicide (Pd2 Si) film 316 is formed in the field to which 
the tungsten silicide film 313 existed from the first, and a tungsten is discharged in the palladium film of the upper 
part of this palladium silicide film 316. In an N type MIS transistor field, since it is formed silicon nitride 314, the 
tungsten silicide film 313 is not permuted by the palladium silicide film 316. Then, CMP etc. removes the metal 
and the silicon nitride 314 which remained in the exterior of the slot for gate electrode formation. Thereby, the 
gate electrode of a P type MIS transistor is formed with the palladium silicide film 316 ( dravying 17 (g)). 
[0123] Next, the silicon oxide used as an interlayer insulation film 317 is deposited on the whole surface. Then, 
the hole for the contact which reaches the source drain and gate electrode of an MIS transistor is formed in 
interlayer insulation films 317 and 310. Then, the metal membrane for wiring 318 is deposited and the MIS 
transistor transistor of N type and P type is completed by carrying out patterning of this ( dravying 17 (h)). 
[0124] In addition, although the tungsten silicide (WSi2) film was used as a gate electrode material of an N type 
MIS transistor in the example mentioned above, it is also possible to use silicide, such as molybdenum silicide 
(MoSi2), tantalum silicide (TaSi2), niobium silicide (NbSi2), or chromium silicide (CrSi2), instead of tungsten 
silicide. 

[0125] Moreover, by forming the palladium (Pd) film on the tungsten silicide film of a P type MIS transistor field, 
and making palladium react with the tungsten silicide film by heat treatment in the example mentioned above 
Although tungsten silicide was permuted by palladium silicide (Pd2 Si, PdSi) It is also possible to use nickel 
(nickel) or platinum (Pt) instead of palladium, and to permute by silicide, such as nickel silicide (NiSi and NiSi2) or 
platinum silicide (Pt2 Si. PtSi). 

[0126] Moreover, Ta 205 formed with the CVD method etc. although the silicon oxide obtained by heat treatment 
as gate dielectric film was used in the example (even the following examples [ 2nd and 3rd ] are the same) 
mentioned above You may make it use the film. 

[0127] Next, an example of the production process is explained with reference to drawing 18 (a) - Fig, 1818 (c) 

about the 2nd example concerning the 3rd operation gestalt of this invention. 

[0128] In addition, since it is the same as that of the 1st example which the intermediate process (process of 
drawing 15 (a) - drawing 16 (e)) mentioned above, this example explains the process after the process of dravying 
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16 (e). 

[0129] After the process of drawing 16 (e), after carrying out the mask of the N type MIS transistor field by the 
resist 321, with ion-implantation, the ion implantation of the germanium ion (germanium*) is alternatively carried 
out only to the tungsten silicide film 313 of a P type MIS transistor field, and it is referred to as tungsten silicide 
film 313a containing germanium. At this time, concentration of the germanium ion introduced into the tungsten 
silicide film 313 is made into the concentration more than the solid-solution limit of the germanium in tungsten 
silicide (about [ for example, / 1x1 01 7cm - ] 3) ( drawing 1 8 (a)). 

[0130] Next, the mask of the P type MIS transistor field is carried out by the resist 322, and with ion- 
implantation, the ion implantation of the indium ion (In+) is alternatively carried out only to the tungsten silicide 
film 313 of an N type MIS transistor field, and it is referred to as tungsten silicide film 313b containing an indium. 
At this time, concentration of the indium ion introduced into the tungsten silicide film 313 is made into the 
concentration more than the solid-solution limit of the indium in tungsten silicide (about [ for example, / 
1x101 7cm - ] 3) ( drawin g 18 (b)). 

[0131] Next, the germanium and the indium which were poured in into the tungsten silicide film 313 deposit in the 
interface of the tungsten silicide film 313 and the silicon oxide 312 which is gate dielectric film by performing 800 
degrees C and heat treatment for about 1 minute. Consequently, in a P type MIS transistor, a gate electrode is 
formed of the laminated structure of the germanium film 323 and the tungsten silicide film 313, and a gate 
electrode is formed in an N type MIS transistor of the laminated structure of the indium film 324 and the 
tungsten silicide film 313 ( drawin g 18 (c)). 

[0132] Finally, the MIS transistor of N type and P type is completed like the 1st example by depositing an 
interlayer insulation film, making the hole for contact, and forming wiring further. 

[0133] In addition, although the tungsten silicide (WSi2) film was used in the example mentioned above as an 
ingredient beforehand formed into the slot for gate electrodes, it is also possible to use molybdenum silicide 
(MoSi2), tantalum silicide (TaSi2) t niobium silicide (NbSi2). or chromium silicide (CrSi2) instead of tungsten 
silicide. 

[0134] Moreover, although the indium (In) was used with germanium (germanium) and an N type MIS transistor 
with the P type MIS transistor, a suitable ingredient is chosen out of germanium, an indium, antimony (Sb), 
platinum (Pt), palladium (Pd), etc., and you may make it deposit a separate ingredient with both the transistors of 
P type and N type in the example mentioned above as an ingredient which deposits a gate-dielectric-film 
interface. Moreover, these ingredients are deposited only about one transistor of P type or N type (it is a deed 
about an ion implantation only about one transistor), and you may make it use a gate electrode material (the 
example mentioned above tungsten silicide) from the first as a gate electrode as it is with the transistor of 
another side. 

[0135] Furthermore, although it was made to deposit the matter which carried out the ion implantation in a gate- 
dielectric-film interface by heat treatment in the example mentioned above, the reactant of each matter which 
carried out the ion implantation of the separate matter to the gate electrode field of P type and an N type MIS 
transistor, and carried out the ion implantation by heat treatment etc., and the gate electrode material currently 
formed in the gate electrode field from the first is formed, and you may make it the work function of the reactant 
of an N type MIS transistor become smaller than the work function of the reactant of a P type MIS transistor. 
[0136] Next, an example of the production process is explained with reference to drawing 19 (a) - Fig, 1919 (c) 
about the 3rd example concerning the 3rd operation gestalt of this invention. 

[0137] In addition, since it is the same as that of the 1st example which the intermediate process (process of 
drawing 15 (a) - drawing 16 (d)) mentioned above, this example explains the process after the process of dravying 
16 (dX 

[0138] After the process of drawin g 16 (e), a spatter and the CMP method are used for the slot for gate 
electrode formation, and the nickel (nickel) film 331 is embedded as a gate electrode material of a P type MIS 
transistor in it ( drawi n g 19 (a)). 

[0139] Next, after depositing the amorphous silicon (a-Si) film 332 on the whole surface by a spatter etc., the 
amorphous silicon film 332 of fields other than on an N type MIS transistor field is removed using the 
photolithography method, the dry etching method, etc. ( drawing 19 (b)). 

[0140] Next, by adding 400 degrees C and heat treatment for about 1 minute, in the gate electrode section of an 
N type MIS transistor field, the nickel film 331 and the amorphous silicon film 332 are made to react, and the 
nickel silicide (NiSi) film 333 is formed. Then, isotropic etching, such as chemical dry etching, removes the 
amorphous silicon film 332 which was not contributed to a reaction. Thus, by changing the nickel film 331 to the 
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nickel silicide film 333, the work function of an ingredient can be reduced to about 4.36eV from about 5.0eV 
( drawing 19 (c)). 

[0141] Finally, the MIS transistor transistor of N type and P type is completed like the 1st example by depositing 
an interlayer insulation film, making the hole for contact, and forming wiring further. 

[0142] In addition, in the example mentioned above, the gate electrode of a P type MIS transistor may be formed 
by cobalt (Co), cobalt silicide (CoSi2), chromium (Cr) and chromium silicide (CrSi2), molybdenum (Mo), 
molybdenum silicide (MoSi2), etc., although nickel (nickel) and the gate electrode of an N type MIS transistor 
were made into nickel silicide (NiSi and NiSi2). 

[0143] Since the work function of the part which touches the gate dielectric film of an N type MIS transistor can 
be made smaller than the work function of the part which touches the gate dielectric film of a P type MIS 
transistor according to this operation gestalt, it is possible to optimize the work function of the gate electrode of 
N type and each P type MIS transistor, and to optimize the threshold electrical potential difference of both 
transistors. Moreover, since etching removal of the metal membrane formed in Mizouchi for gate electrode 
formation is not carried out like before with this operation gestalt, it is possible to control the fall of the 
dependability of gate dielectric film. 

[0144] As mentioned above, although the operation gestalt of this invention was explained, it is possible for this 
invention to deform within limits which are not limited to the above-mentioned operation gestalt and do not 
deviate from the meaning variously, and to carry out. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 1 st operation gestalt of this invention. 

[Drawing 2] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 1st operation gestalt of this invention. 

[Drawing 3] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 1st operation gestalt of this invention. 

[ Drawin g 4] The top view having shown the effectiveness acquired by the manufacture approach of the 
semiconductor device concerning the 1st operation gestalt of this invention. 

[Drawing 5] Drawing having shown the distance dependency between components of the threshold as contrasted 
with the conventional technique about the MIS transistor obtained by the manufacture approach of the 
semiconductor device concerning the 1st operation gestalt of this invention. 

[ Drawing 6 ] Drawing having shown typically an example of the basic configuration of the semiconductor device 
concerning the 1st operation gestalt of this invention. 

'[Drawing 7] Drawing having shown typically other examples of the basic configuration of the semiconductor 
device concerning the 1 st operation gestalt of this invention. 

[ Drawin g 8] Drawing having shown typically other examples of the basic configuration of the semiconductor 
device concerning the 1 st operation gestalt of this invention. 

[Drawing 9] Drawing having shown typically other examples of the basic configuration of the semiconductor 
device concerning the 1st operation gestalt of this invention. 

[Drawing 10] Drawing having shown the main production processes for obtaining the basic configuration shown in 
drawing 8 . 

[D rawing 11] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 2nd operation gestalt of this invention. 

[D rawin g 12] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 2nd operation gestalt of this invention. 

[Drawing 1 3] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 2nd operation gestalt of this invention. 

[Drawing 14] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the 2nd operation gestalt of this invention. 

[Drawing 15 ] The process sectional view having shown a part of the process about an example of the 
manufacture approach of the semiconductor device concerning the 3rd operation gestalt of this invention. 
[Drawing 16 ] The process sectional view having shown a part of the process about an example of the 
manufacture approach of the semiconductor device concerning the 3rd operation gestalt of this invention. 
[Drawing 17] The process sectional view having shown a part of the process about an example of the 
manufacture approach of the semiconductor device concerning the 3rd operation gestalt of this invention. 
[ Drawing 18 ] The process sectional view having shown a part of the process about other examples of the 
manufacture approach of the semiconductor device concerning the 3rd operation gestalt of this invention. 
[Drawing 19] The process sectional view having shown a part of the process about other examples of the 
manufacture approach of the semiconductor device concerning the 3rd operation gestalt of this invention. 
[ Drawin g 20] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the conventional technique. 
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[Drawing 21] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the conventional technique. 

[Drawing 22] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the conventional technique. 

[Drawing 23] The process sectional view having shown a part of the process about the manufacture approach of 
the semiconductor device concerning the conventional technique. 

[ Drawin g 24] The top view having shown the trouble of the manufacture approach of the semiconductor device 
concerning the conventional technique. 
[Description of Notations] 

101 — Silicon substrate 

102 — Isolation 

103 — Silicon oxide 

104 — Polish recon film 

105 107 — Silicon nitride 

106 108 — Source drain diffusion layer 

109 — Silicide film 

110 — Interlayer insulation film 
111— Slot 

112 — Hafnium oxide film 

113 — Hafnium nitride 

114 — Resist 

115 — Cobalt film 

201 — Silicon substrate 

202 r 205, 206, 207 — Silicon oxide 

203 214 — Silicon nitride 

204 215 — Resist 

208 — Polish recon film 

209 — Source drain diffusion layer 

210 218 — Interlayer insulation film 

21 1 — Slot 

212 — Ta 205 Film 

213 — Ru film or Pd film 

216 — In film or Sn film 

217 — Tungsten film 
219 — Wiring 

301 — Silicon substrate 

302 — Isolation 

303 — P type — a well 

304 — N type — a well 

305 312 — Silicon oxide 

306 — Polish recon film 

307 309 — Source drain diffusion layer 

308 314 — Silicon nitride 

310 317 — Interlayer insulation film 

311 — Slot 

313 — Tungsten silicide film 

315 — Palladium film 

316 — Palladium silicide film 
318 — Wiring 

321 322 — Resist 

323 — Germanium film 

324 — Indium film 

331 — Nickel film 

332 — Amorphous silicon film 
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333 — Nickel silicide film 
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(ommjj&-v$>-o~c. mmy—vm.m^i&^L-r^x.m 

NSMI S h7>^?ffi©^l©y- b^f&^Ktf 
PSM I S h9>>'X^ffi©^2©y— hJgfiE^^©^ 

m i x\tm 2 ©y- h^m^ro— 7j»««»c^$n 
fc?g i <D&m$&m*zmm i ©&s#*ffiitc-&£n5 
wmzm<DVo»*&%i2"&-zy- bmmm^mizmm^ 

H 2> Z. £ \Z <fc 0 31 2 <D&m^Wk z wfot z> urn t . 

m^^<F>m^*#M^-zy- ht&mm&mizffim-z 

8tTfiB^2SO:^3»^S^ : fra©5*., NIMISh? 

•/yx^coy- bi®aigi;:grr-5*©&jii^r§i©^& 

< t*,y- b%immizm-?z>fflft(DttmM$k&p mm i 
s b7>iS7.?<Dy-hmmmiz&?z,jj<D&m'$mm 
©'>&< tby-hmmmizm-rzwtt<nti:mm&£<o 

b>i^^z.££&®L£T2>¥m&§im<Dgimjjm<, 
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•[0 0 0 1 ] 

s b?>iS7.9<ny- hmm<D&&izm-?z> : b 

-tO 0 0 2 ] 

-[t£*©ft*fi] M I S h^>v7.^CDii5tt^t;»fcii6lC 

a, m^wmmittf&m-e&z, u*»u y-b&mm 
io e^fe*, y- hmmm<D®mz*:&<~c%:ti.to£toy 

tatottoommrf&z. ^n^ncop^ffltc^uT. y- 
+mmm\z\*ig;mmmm&mto. y-bnmizit&m 

• to oo 3] £ZL?>tf. £©**#*«, m&mtozn 

&&7a-t7.*'ftr>fzmzy-h®mmR 
&y-hnm$:tef$.-rz>z.£tfv]mtz&WiizisT. w 

•to oo 4] ^T>->y-h^«. y-hMtfLj>mm 

•k u-r >tt^[^^^j5KLfc«{ry =-y- h&i$*u 
y=-y- hzm&vtzmt&izm,Mttm&mib&/u'cy 

•10 0 0 5] yv->->y-ha%srffl^Ty-hmn 

— h^llC|B|— ©&K2r/B(^£<i:, Mh5>vX^©y 

- hmm<Dti:mm&&mu£>-£2>z\ £&T~&f3.totctb. 

•10 0 0 6] LfciioT, NlMISh7>yX^tP 

sim i s b^y^T.^ t-c% m^y— bnmttn&m 
v^sjgyp-kx^si^n^. bit, z\<v£ots.m. 

iSya-fe^CD— ^JfCOV^T, 02 0 (a) ~12 3 

•( i ) zmrnvxisiw-rz. 

•[0 0 0 7 ] *"T, -> U 3 >S« 501±ICSTI«jg 

(om?ftM 5 o 2 s^t, ^*^$n^> 

io 5 0 34Mt5. $e.tc, ^*^*^n^>y=-y- 

•h t LT\ ^J? 1 5 0 n mgg«* 'Jy'j3>l5 0 4 
&^KJ?5 0nmiSOyU3>g«5 0 5©ft^« 

tt, S#<DS^ (Iffc^CVDfWSlcgftf, iJV^7 
R I EgfH) SrfflV^T^-TS. Wlto 
y=-y'-H {#'Jy'J3>i5 0 4SU:yU3> 
^{tSg5 0 5) STX^iLT, •1't>aAfi*l:<fc 
0. V— X • KH>tttI5 0 6 t&5l^Xr>y 

50 -fb^5 0 7^6^-5114 0 nmSSroy- h 
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CVDftliR I 'EfttB»Cj:oT»l«-ra (12 0 
(a) ) o 

•[0 0 0 8] friz, h (*'Jy'j3>l5 0 

4 Sl/y U 3 >mtm 5 0 5) ft tfy- h MSttfflK 
•(->'ja>fft5 0 7) ^^^tLT, -ft>ftAfi 
«ICJ:D, V-X • Kl"f>*S*Ji5 0 8 

<>®^C0^-(CJ¥$ 4 0 nmllOy'Jt-f (3 A* 
•(02 0(b)). 

•[0 0 0 9] S^*6^«5 1 OiLT, flsjAfcfi' 

'J n >gtffcl8£C VD&I-J: Difffi-t-S. 
i^gii5 1 0SCMPft«l:±oT?fiftt4ut 
££9, ->'j3>grt:S£5 0 5fttf5 0 7tf):gEffi£Sai 
$-fr^> (02 0 (c ) ) . 

•[0 0 10] ^IC. «Atf**£ffl^T. ^s-y-h 
±BB©~> U ^ >^Ytl^ 5 0 5 Sir«I 5 1 0 \Ztt h 

•7 fc#'J->Un>^5 0 4©iS$gS$TX7?>^ 
0 4 &fiMM^ 5 10 fttf-> U 3 >gfcl8l 5 0 7 Iztt 

VTmRmzm&-?z> (021 (d) ) . 

•[0 0 11] yym^KD'yx.y hx.y^>tfiz<£. 

<3^5-©->'J3>^b^5 0 3 $r^*-r*dtfC± 

0. si (case) **jfcii££ti£. s&^-r, hmm-Wkii 

IT, iB!^im#:*ei&KT*-&T 32 05 i5125. 0ij 

tit. m^TJis.~oj^m5 1 3^*t«-r«. (02 

•1 (e) ) . 

•[O0 12]3fcfc. CMPSSSffl^T. Ta 2 OsI 

5 1 2fttf7;P5x^AK5 1 3©¥£<t;£. 
151 O^SatST-S^TfTP (0 2 1 ( f ) ) . 

•[0 0 13] £A±CD0 2 0 (a) ~0 2 1 ( f ) Oil 
te, NiMI S t-7>yX^lfSIWPSM I S h 

M I S h^>vX^ (NIM I S FET) 
PSMlSh7>yX^ (PSMISFET) JJ£j£SIl£ 
K)^2:0ffi±lC*-r. 

•[0014] 021 (f) OliOft, 'Jy^77-f- 

SWftffl^T. PSJM I S h 5 >S?X 

l/v^X h 5 1 (02 2 (g) ) . 

•[0 0 1 5] X.IZ. WKlCtS^Xy hXy^^fcfr 

5CtlC«tf3. Pl^ffl*7;Rz^l5 1 3&m 

3J-f£. y'j3>g<bi5 0 7**gfflLT^£> 

a*. gffl©«&TKm<^<!fx-;/^>^$nft^ (02 

•2 (h) ) . 

•[0 0 16] ^IC, l/y7h5 14.Siil/fcS, ft* 
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5 15 ££®f;:i£8(T£ (0 2 3 ( i ) ) . 

•[0 0 17] ^IC, CMPSffiSfflHT. 3^M5 

•1 5o¥fift£. mffl&mm5 1 o*»«ta-r*s-rff 3 

•(023 ( j ) ) . 

• [0018] «±oiefCcto, y- hft^^jgiL 

T, N^ttT;P5xr7A^5 1 3^<b&0. Piling 
il/hB£5 1 5)i^65C-M I S b7>-J7s$>1fi^firtr 
7Mi5AR5 13ttttW»!*4. 2 e Vg 
"0 S, 3AAhi5 1 5fift»H»«»5 e ViflETSifc 
#K N1MI Sh7>y'X^iPfMl S (>7>yXi' 

•[0 0 19] VfrLfctf<E>, ±i*L;fctt*8tfff-rtt. ft 

•[0020] 024 (a) , 024 (b) ft£X0 2 4 
•(c) ^Wtli2 2 (g) . 02 2 (h) fttf0 

20 -2 3 (j) iz&vz^m&zm3;&)iz^Lrz¥Mm-c3b 

■5. N1JM I S h^yyX^WPlM I S h^>v>7> 

•[0 0 2 1] 02 2 (h) ©Igl;:*3V>T» UyXh5 
•1 4Sr-7Xi7JCL.TPSM^«7;U5xr7A^5 1 3£ 
"?l7M7f>m.!: 1 ^X-y hX-v^>^fi^ 
WtCjlfT-rS. ^(Dtctb. l/y7h5 14T-7X^3tl 

fc®3®*Tx^^>^*sgg<ji*., 024 (b) tc^-r 

•[0 0 2 2] Lfc^T. MSnfch7>y7^i« 

at, 024 (c) \z7K-t£.o\zts.z>. -rtzt)-*,. Nmm 

iUhMtw^-pT^r-hmSdS^Sns^.htCTSS,, •€■ 
OfcJe>« NIMISh7>y^^tli L€T<^M<£>g& 

• [0 0 2 3] ±.mvizffl®iz-3^T-£*>\zi&m-r2>. v 

40 ^X-y^>^^n-5T;U5xCA^«fl5$H (0 2 2 
•(h) #180 K-hifc-s., ±aiUfc«sj-c«. y;U5x^ 

AI©!S^HIJ1 5 0nmgKTfe5fcf*. l^ftOX 
•75 1 >y»Ettl 5 0 nmHltft*. Lfc*bt, ± 

!'>?>7*iE©2gK±. -T^t)*, 3 0 0 nm^JitC 

^z>z\ttf!&mttjiK>. mmit^n^z\tf)mK>xmm 

50 ftJRtttfcfc&H. 
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•[0 0 2 4] ifc, ±mi,tc®:%:&WiT\t> y-htt* 

K«<ofli«tt(cMbT>b*€ra:nH^u«. cat.' z. 
© <mm iz -d ^ xmw-f & . 

•[0 0 2 5] ±i$L2ift#ftffi-ete. 02 2 (h) ©X 
iKC£s^T> PatgS©7;i/5zi"?A^5 1 3£v>Iy 
M7f>n«Slfci. »SLfc1H*K:B2 3 
•( i ) ( j ) ©IIT3A*^hl5 1 5 £J&f£T 

*. Lfc*bT. T;U5-^A^5 1 3(DX.y^>ifm 
\Z&iT?- VISMWkS 1 2©3Effi##fl;U y— h*fi 

•[0 0 2 6] 

•[89i;MJHfe Li 3 <!:?-*»«] K±Sfi'<fc«k3fc» ft 
3t5©y^->>y-hfc!tfST'«> ^5-y-hSrX«/^> 

ft, .««fl;*«HJBT**tV»'5IBIH36**-afc. y 

•[0 0 2 7] #fgBJ«> ±EtS63l5©IHHlfc»bTttS*l 

fc£iif£1--5;i<!:£Sill©SW£U y— httffi^OfB 
«H4£««-r £ C <»: 2 © S 65 *. 
•[0 0 2 8] 

iM I S H7>vX^RtfPSM I S h^v'X^n 
NIMI S h7>^X^Rt/PlM 1 S h7>yX 

i?(D'>ti< tfe-Tjoy- h«&teig!&©&jg^*Bi© 
^©y- b*6»BiK:gs-rs&«-&wBi©4>fc< t&y— 

•h*fii&K(C«-r-5g|5^rott»P» (Wl) A«PS!MI s 

< tt>y-Mft»Btca5i-*«»©tt*Hiic (W2) ct 

•[0 0 2 9] #S69i (3B9JB) «, NSJM ISh7>y 

^K.tfpgJM i s h7>v ? x^-€-ti-en©y— hs® 
**i»#ai*K»ritatifcia«rtt:y- hie»8t*^L 
^cjua-r-s^ffSEBosai^SsT?*^^ sntsy-h 

«&£Jgfi£-r-5Xgf2> NIMISh7>yX^ffl©S 
•1 ©y- hM®«S^PIM I S h5>^^ffl®I 
•2 £>y- h^fi£®«<D5R*©®«<DIH]85rt»C^fi£$nfc 

y- h&iiffiixicsg i v>&m^m*w&Ltz>T.uh* 
y- «EEI«iffl«ffli«i:iilfeIi 

ag±&tf8i i xtasg 2 coy- hM0s.mm<D-jj<Dmm.<D 

y- htt»K±lcJB2<oAB**«*»jsK-rsj:4:tc«t 
0 JB 1 RtXJB 2 coy- h#J*«*©5K;#©»«©E]8P£ 
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«»j&trigiJ&*S-fc0. BUS2^ 1 Rtffg 2 ©&Jg^W 

jK©e>-£. nmmi s h7>yx^©y-hietii:s 
Tr*#©&M£*r«t©4>fc< t*»y— h»»«ncsf-r* 

BB#©ttV!il$c (wi) *«PIM I s h^>> ; x^coy 
!6*BtlcS5-r*aB»Ott*|8» (W2) .tDfe/hSViC 
•[0 0 3 0] *fB9i (5S9IC) tt. NSIM I Sh7>-/ 

^WPiMi s h^>> ! x^^n j £ : ncoy— 
io «i|£3»#at«ir»j«anfciHi*rtK:y-Mifii»i«*^u 
T^-r^¥«#:^gcoi3jg*ST$)-pT. mrey-h 

li^MtSIgll NlMISh^^yXi-fflffl^ 
•1 coy- h&S&m&RZfPMM I S h^>v ! X^fflco^ 

•2 coy- hmi&mm.<DMJ5<Dmi&cownftizMf&2 nrz 
y- hi6«M±<;:g i ©4W*«tMtsiit. 
su xra:3£2©y— h^BK^co— *©fi«jcp^sn 
fc*i<o&«**it*i»*-r*xet. *ix»jb2© 
y- h»j«««ofla*c!)«*K:3a«bfc» 1 ©&JS-&W 

Bt±&tfS5 1 XttSB 2 coy- h»riE<H*0— *©ffi^co 
20 y- hffi^X{c:^3C0^P-&^^^BK-r-2)Xg 1 i:. 
3f§ 1 X(^2 coy- h»fi£«B«©flfe^«5®«»C}^fi!t$n 
fcS 3 «54I«*RSBl*t5IIt. IlXttl2© 
y- h»p£m^©— 7j©««tcSSLfeS3 ©&JS-^W 
m±RlXm 1 XttSfl 2 ©y- h^fiKSB^©fl&7j©m«{C 
^tB LfcB 1 ©£«"S*§l±fcSS 2 O^Stfl^ffS 
tS^ttiOf 1 Stfffl 2 ©y- h^fiK^^©^*© 

mm<»w&&Mist>&t5j:m£fr < bte<c>* mmw.i'Bi.nm 
■2<D<&m^m<no%. nsm i s h^^^wy— 
^mmm\z&-rz>ji<D&m-E;mm<a'ptz< t. fey- h«e 
30 igk^ics-r-5«e»©tt^His (wi) *5psmi sh? 
^>*x*©y- hmmm\zt$-rz>j3<D<&m'£Gm<D'j>t£ 
<t<b?-bmmmizm-rzm#oti:mmm. (W2) <t 

•[0 0 3 1] #fg$! (fgBJA, B, C) (Cfctlti, NI 

mi s h5>=***©y-hift»iifc»T*«#'<0tt* 
HIC^PIMI s h-7>> ! x^©y— h«ei&Kiic«-r* 

ffl5^©tt*SISckD fc/hSHfc*, N^RLKP^MI S 
•h^v'X^tl^tlwy- b®®©tt*M»£«iStt: 
^-•5 NiRtKPIMI Sh5>yX?©L 

•[0 0 3 2] *^BJ (5g?gA. B, C) tC«tn 

«, N1M I S H7>yX?StfPiM I S h7>yX 
^©'>^< <hfe-*©y- hmffiH1Si»©^H-&*-MT 

^jsgsnT^sfc*, ¥—v&m.mzm-$-z>uft<DWk<D 

fitaSgjWg;<fc<Tt>, ±efia»cS£Ja*©ffit,^SrtStt 
y- hm@±*©Stn:*ffi<-r^c:<!:^T"^ 

•[0 0 3 3] *7t. *«bj («b^b. o defend m 
•i, m3©^s^-*M±ic^2©^M#*K*^fiS;-r-5 

50 ©tr. SB1. SB3©^M**«OUtJ»S»<T*i4:** 
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-^(DmmzMi&zntc&m'aGm mi, si3©&jsi 
&mm) bk. tgixtta§2©y-nBjs«i 

•i). 

•[0 0 3 4] £*S, *5S9! (SBB9!A. B. C) Ttt, ft 
y©** (A>F*fy^l/2«)fi!l) iOfeS^ 

fc. m i s h5>^x^©u*v»«*ft»*y-niftift 
B£icgrr-2>»«©Jp£fct* mM©u#.^«*<^e>nsjp 

•[0 0 3 5] Sfc. #fS9I (^i^A, B, C) T«, N 
SStfPlM I S h ^ ^©y— hSfe^^S^"^ 

£^&<B>-ti--5££:lc:J: 0. W§©{fc^ilgc£g7S:e>-lt£> 

•[0 0 3 6] (fS9§D) tt, NSM ISh7>/ 

^i'S^PlMI S t- 7 >yX ^-j-n^'tioy- MS 

fS!&Mt5Ig«. NSM I S h7>-/XM©i 
•1 ©y — Y WtftM&TkXZ'P SM I S h^>v 5 X^ffl©^ 
•2 ©y- hMm.m®<DM^<Dm&<DWmj*)\ZMf$.t!tltz 

y- vmm.m±.\zw. 1 

t ci <t tc«t o $g i n&m-smm&m 2 ©& 

y— hmmmzt£-r s*©^s-&#^©i>i&< tt>y— 

•[0 0 3 7] #f£BJ! (f€9§E) «, NSM I S 

k^r^pim i s H^>> f x^ j e-n^-'n©'7-*— h«® 

fffi^«t-5IiB. NSM I S K^>v 5 X5'ffl©^ 
•1 ©y- b^fi£ffl*£RtfPSM I S h5>vX^ffl©^ 

•2 ©y- h »j««*©5R*©««© Hfflrt tc»riea nfc 
&i xtisi2©y— hj^j5K««©— *©««ic»j*an 
t £Kjs£-i+-2> c ici 0 fg 1 (D&m-smm&m 2 ©& 
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n « % K t R«i K © »* t £ K J6 S * *> - 1 K «t 0 
« 1 0D*JB*#«*1B3 ©4«*#ilK:iSlft-r«xa4: 
j&^&feD, mi3^2Rtf^3©&JS-&*riBI©-5t,, NS 

mi s h^>vx^©y— b&mmz&'?z>j3<D&m-£ 
mmv>'j>&< tt>y— ne»«nc«sT*«»©tt*H» 

#PSM I S h^>:yX^©y-h^Bgl;i*g-f 32f<£> 
^i§fl©'>4< t%>y- M&»Btlc8rr«»tR#0>tt 

•[0 0 3 8] *3S9! (^BJF) tt« NSM I S h7>y 

^^s^psmi s h7>y^i'*n-fnoy- h«® 
ftiMW*a«K:}ifj«snfcpa«rtcy— 

ti$f^t%Xe». NIMISh7>y7^IfflS 

•i©y— hf^^s^PiM 1 s h^>> 5 x^ffl©m 

•2 ©y- h^fi£^©jR*©m^©lHlg|5rtt-^B£$nfe 

?g 1 xtsm 2 ©y— hpfiKis^©— Jsofcmz&i&zn 
20 fc^i ©^M-^^nK^KiBi ©^K-^BUc-^sn-s 

&ZZL\z£r ) ?£2(D&m^mm : £Mf8.-r2>JL.mizfre> 

s h7>vx^©y-h$e^ic«-r^>*©^^*^ 

MM l S h^>^X^©y- h*fei&KIC^-r-573©^ 
•[0 0 3 9] i&WG) tt. NSM I S h^>->- 

30 ^^stfpiM i s h7>yx^-tn?n©y- 
sfifliSscisissnftiEiaflfcy- h*a»Bit*u 

TifiKtl.¥MgI©Sil^T*oT 1 HtifBy-h 
ffi®£J£j£t-'5X;gte. NIMISh^^i-fflOi 
•Icy-hMfiWPiMI S h5>S?**ffl©SS 

•2©y— hM&mm<DMft<Dm®.cD\!nmf*}izMffc2ntz 

•m 1 xtsssi 2 ©y- hjgji£®*£©— ^©n^tc^^n 
fcm 1 ©&«•&*&* &KSfs 1 ©^jn^^^fc^sn^. 
®K^n©%K^fi:ffii^-&Ty- h^^^ffitcwtBs 

40 i£Z,Z\£i\,Z&K)f&2(D&m^m$:MfS.-?2>T.mt. % 

•ixiii2©y- hjgE£^^©ffi*©®^ic^$nfe 
jg 1 ©^M^w^^^^m 1 ©^n^Kic-^sn-s^ 
«^n©4*iff £ffi«ts-trry- M6»w»iBK«aa-a' 

* H t \z J: 0 IB 3 ©&M#*®l£fl2J5£T3 Xg 6 
0, fl9l3^2Rr/^3©^K-&#IK©5%, NSM I S 

f7>y^^©y- hiisee^tc^-r-s*©^®-^*^© 

5!>?i< tt>y— httakBlCSSfSW^CttVHft^Pa! 
mi s h7>y^^©y- h«fi&KtC»-r-5^©&«-& 

*^©^/<c< t*>y— M6»«nc»-r*«»©tt*«* 

50 jko fe/h^tidiSriftai-rs. 
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•[0 0 4 0] #369! (BWD. E. F, G) lC«ttl«. 
NIMI S h7>^?®y- hlt&Mf&\Z&-t2>Uft<D 

ttW^piMi s h7>i?7,?<Dy- hmmwuztg 
•i s h?>i'x$> : ?n : en<D5-'- hfi«tt?wt^i 

•[0 0 4 1] #fgBJ§ (fgBJD. E. F. G) tCi 

•2, sg 3 o&jg^rsiK^gi-r-gK ^it, mi<D&m, 

KI2. !fI3CD:&M^W^£^f£-t&CDT. GDgBrtCDy- 

•[0 0 4 2] ft:fc, #f6BJ (fgBJD, E, F, G) "C 
^^•^yotf^ (A , >^t'^»l/20fil) J;0 

Vi„ Sfc, M I S h?>i>**W^m.*:&:#>2>f~- 
•[0 0 4 3] 

■mm<Dm^.<omm) etf. #ss gnosis jg$g£0B£ 

•[0 0 4 4] (*J6»& 1 ) KT, #«9i©5S 1 
»«IC«*«iiXg«D— W«COV»T, 01 (a) -0 3 
•( i ) &#8ILTifc93-r£. 

•[0 0 4 5] S^S", yU3>SRl 0 l±lCST I Sfjg 
^5— IMMt&UX. NJ* 2 ~ 6 nmgSfflv' U 3 >K 

fbBii o 3^^-f-s. 5 etc. ^ssssn^ys — 

y-NiUt, JgtJPl 5 0nmiS©#'JyU3>Il 
0 4ROtMi¥5 0nmgSffl->U3>MIl 0 5<D*g 

mmm^msSL-t^. cne.©ys— sfti&BtRtxys— y 
-Hi. ii^oft* fflMt^cvDJPojfcKS*, uv 

RIEStfP?) £ffl^XJ&fi£T-S>. 88 
HT. ys-y-h (#Uy'j3>I10 4St;y'j3 

0. V-X • HM >i£i4S 1 0 6 i^5Ii/7f>y 

0 7*»S&*«2 0~4 0 nmigffly- hMM 
i!&»ffi££, CVD^tR I ES«lCctoTMt5 
•(01 (a) ) . 

•[0 0 4 6] #.\z. ys-y-h (#us/U3>m o 

4 -> 'J a >SMfc«l 10 5) SCXy- hflSIMMR 
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•(y«J^>Sftl0 7) £VX:7£:LT. -f:*->ftAft 
*fcJ:tK 7~X • KH >«iil 0 8 t>5:-5iS5«S 

a*K«t:9. ys-y- hsv^jtuv- x • 

^>««©*WPS4 0 nrngftOs/'JlM HK (3A* 
>U h^Wi^ U -tf--f H 1 0 9 £:J£fi£-r-5 

•(01 (b) ) . 

• [0 0 4 7] ^tc. mmt&mmi 1 o tux, 

io BP^Sfeliffill 1 0^CMPS^tcJ:oT¥ffi>fbT^ii: 

(01 (c) ) . 
•[0 0 4 8] «*.tf*»*fliV s X, 
±gE»>"J n >g{fcBg 1 0 5 «rJim«6«Bt 1 1 0 fC*f L 

7fc#'Jy'Ja>ll 0 4<DH6t<mg.&T~^y^>#2 
n^)« m>X, {sj^.H7 7^ii'OAoy>Jgf©7y 

o 4 sjiinififtK 1 1 o -> u a >mtm 107 fc*f 

20 LTSS?W^^*-r^) (0 2 (d) ) . 

•[0 0 4 9] 5&7yifffl^X^ hOl^5 1 >^lC 

*0^=-<D->'j3>S?{k)Kl 0 3&m3k-TZ>Z\£\Z<i: 

9. m mm 1 1 ia*»j«3n*. kv»t, .y— Hi 

(HfOjl) uOA7"'>Aift 
JBite. 03;Ui. H f C 1 4 £NH3 SfflWcCVDft, 
i&W£/\y -V l±mitVD (HfN) XttA7-OA0^ 
-y>y hfcffl^fcX/'W^&tC.fcr). A7-^AM1 
■(HfND Uil/fcA^z-JAMK 
30 ^K<bT^>CttC*0#e>ni. (02 (e) ) . 

•[0 0 5 0] ^ctc cvr>m?£.^\3.7,/*v5r&%m^ 
x. tt9m®.&4 evmm-e$>2>/\-7-'y2±m{tmi 1 

•3&mZl On ml*. ISKIilOn mKTT^I 

icBg^-r^) (02 (f) ) . 

•[0 0 5 1] JW±©0 1 ( a ) ~0 2(f) ©Igtt, 
NgiM I S h7>y7^^«l«S«PIM I S h^> 

— ^WM^OT^Sr^bfc. Jy.*£CDXfI#"=>tt, NiMI 
Sh7/yX? (NIMISFET) ^fiEffi^S.Z^P^ 
40 MISh7>y7^ (PiMlSFET) 
3^<£0®±{C^f. 

•[0052] 02 (f) CDXgCD^. UV^77>f-S 
Wi&m^T. PIMI S h7>y7^M®W^l' 
yXMl 4TS5. C!CDi:^cDXSgB(D5Fffi0^0 4 
•(a) ic«S:«tc^T (03 (g) ) . 

• [0 053] mm<k*m*tz&2,<yx.y n^f 

•1 1 3&iST5. ^»t^»X^gE(D^M0^04 

• (b) tc^scwic^-r. y-h«an©A7zvASft 

50 fill 1 2ttifll6ft;***»w^«T**fc8e). X.y^>^ 
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(1 Onmsgg) &5lS&«©iI-&<h(;iS 
&D. NlI«iT?A7r 'JAgftI 1 1 3^<x-y 

^|HJgBIBDj&*2 0 nm§SJW-hT$>n«. ^5fcftffi©F.51 

?I*6<!:^:-5 (0 3 (h) ) . 
[0 0 5 4] l/yXMHiSlfct. ttW i» 

*fflHTfT5*\ ^c^U. Co (CO) 4. C02 (C 
O) CoF!. CoClzXliCoBr2^^iXV 
-^.iLfcCVDS^ffl^Tff-S. ^©gL UAMPhffit 
-115, /\y—VI*&tt.mi 1 3RtfA7^fi»*fc» 

•i i 2cD¥aYb^. cMPgfii;<ko, nnieiKRi i 

4 (c) iC^SCMtr^-r (0 3 (i) ) . 

-co o 5 5] jy.ii wig let y-hnmmmti, 20 

T, N^ttA7^r7A^ba 1 1 3iaA;l/hll 1 5 

• [0 0 5 6] *nmmm\z&n\i. NiMish7>y 

*0 ; b/hS<-r'5C<h #T # -5 * (±j£ Lfc0dTtt, 
A7Z7AM1 1 3tttt*Hft#4 e Vig, 3A* 
il/h^l 1 5«tt*MiS^5 e VII) . NSlRtfPM 

m i s h ? >^x2 j tn j eti(Dy- hnmvttmm&z 3° 

•[0 0 5 7] ^SSJB^Ttt, PSSaOA7r 

1 3<£^*-r«>ISI^ AT'-^Agteffill 
•1 3 (OmmifiMtbXm^tb, NS««tT?A7-7A 
SflSffill 1 3d^<Xy^>^£tt.5;i<fc£i&tt-2>;r <h 

»C, #*Jgfl2j§-Ctt, NSM I S h7>y7^©y- h 
A7X>7AS^1 1 3±(C<SS*xWZJA*;Uh 

11 1 5«$nx^5fc6, ttmM%.<DWim<t£i& *> 

•[0 0 5 8] H5tt, *^Jfi^liS^Sf3fe^fC«t-5N 
MStfPSMI Sh7>yX^t:^^T. L^^M (b 

#v>mjE) (om^mmm (*?mE*: 04i:stfc 
kj»d) te#tt£*Lfc*>©-r<&-3<, 

•[0 0 5 9] PSM I S b^v'X^tCOHTte, 
tt»ttft^fl6*tt*tt>K:. 3g^«l8BlliD^4 0 0 n 
miBST, L#mi#— 5£#>0{g;fltflE (-0. 2Vf§ 
SO tftoTUS. dtlCttbT, NlMISh7>y 
y^lCO^Tti, «*tt*TT»4, *^IBEIIID*t3 0 0 50 
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M I S h7>-x**©-«#tt*HR5. OeVgS® 

L, # lA«ti— •£> d t tft>fr% . 

•[0 0 6 0] ±a!Lfc:0iJTtt. NfMISh7>-7^ 

itT. psiMi s h 7 > y ^ ^ ©y- HS^a A JH> 

•[0 0 6 1] **Jfi»ffiK*W h«jfi 
»*, iiA. SljtBRZ/«|jgC©3aS*S. ^ifiAlC 

•[0 0 6 2] m&A (0 6 #38) te, NSM I S h5> 

^lC^IMlF lSO:i2ffl^I$flF 2 7^<E>ft 
0, PIM I S h 7 yy^^roy- h«®d^- h&g: 

if o ±izM&-£ nt^m 2 (D&m-sumF 2a><E>ft9, 

US 1 ©MM1F 1 ©tt*g|»**^ 2 ©^SttiF 
-2©tt*||&j;D i b/h£v><, 

• [o 0 6 3] mfeAvmmjsmz. niwpimis 

■h7>v'X^«©^7j©y- h»j*<R*©y— h*fi»Bt 
F 0±lCffll C^I^fiF 1 *»J5fc*-*IS£» PSS 

m 1 s h7>y7^®y-hMi«©ii^i$ 

tlF 1 ^iinili, NSMISh7>y^ffl 
©y*- h?gfi£^©^ 1 ©&JS^*ffilF 1 JtK:tfPl!M 

•i s h^yvT.fmv?- hKf$.mm<nf- hmmmv 

0±IC^2©^^#^F 2^^-T^Ct{C<J;0. N 
SStfPlMI S h^>-^X^©>K7j©y— hP^H^ 
© WW &Msb&tsT.m <h ft 5 . 
•[0 0 6 4] tgffifiB (0 7 #88) PIMISh? 
•siS7.2<D>f- h hSfiftffilF 0 ±\ZteJ$.tEtl 

fcflll F lS^2 0^R§flF2!5^ 

Jit), NSMI Sh7>y7,^0y-h«g*«y-h» 

giF o±tc^$nfcm2©^jg-^w^F 2^e.fi 
*3, ^i©^js-^*^f i©ft*M&a<!g2C3&s-&*r 

BtF 2©tfc*H*J:t) "b/J"S^. 

•[0 0 6 5] ^itB©Mit7jffitt, N^ROCp^MIS 
•h^>vX^ffl©^77©y- hMl&mt&<D¥— Vt&BM 
F 0 ±fC^ 1 ®^1§#KF 1 SMfSIit, 
M I S h7>y7^ffl©i-'- h)^figffi^©^l ©^K-^ 
S«F16R*T4IIt. PlMISh5>y7^ffl 
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©y- hwt&mmcD'm i o^mmif i ±s^nsm 

•I S h7>-^^fflOy- h&f&m&LOir- ht&m&F 

•[0 0 6 6] ^igAfOftttft&WCOI/iTW:. 
•3TSLfcIt)T^I.. Sit. #ti£BlCO^T«\ 01 

<5 (^/StmiCtt^BBKilL^fc©^^) „ ± 
Sfe^S^itt. 03 (g) ©IgtC&^T, NIMIS 10 
•h^>> ? 7.37^CD^DJCP^M I S h7>yX^I 

•CO 0 6 7] SiiC (0 8#H) te, N^M I S h^> 

yx?«y- h*s**y- naHkiiF o±t»jsjcsn& 

ft 1 ©^K^WIgi FlStfI2 ©&«-&#IB£ F2*6«t 
0, PiM I S h^>> ; X^<7)y — hliSA^— hii&gfc 
BIF 0±fc#j£Sn;fcft 3 F 3StfB20 

&JPS"^rffilF 2^<=>tet>, ftl©&Jl"&*rElF l©tt* 
|18ft/&*ft 3 ©^M^BI F 3 ©tt*li3ft<fc 0 ^. 

-co o 6 8] ffimc&mmijm* (.mi o#kd . ni 20 
sy:piM 1 s h7>i?^?mv>w35o>7— hm^.mm 

(Of— hSfeftffilF O-hfCft 1 ©^I^flF 1 ^^-T 
5Igt. PIM I S h7>-^X^fflCC»y*— ^MfiLW$. 
©ft 1 ©^Jl^WSiF 1 NSM I S 

f7>->*^^fflffly- hffi*fi£flf»lK©ft 1 ©^M^t«F 
•1 _bK.t*PSJM I S H7>yX^fflcy- YT&timmV) 
¥— brje^BIF 0±fCft3©&J?S^rlBlF 3 SHMfc-r* 
£gt, NIMISh7>y7^ffl®y-hMt«© 
»3©&«£*gtF 3*»*-r*Ifi£. NIMISh 
7>:xX^ffl©y— ^j£^©ftl©&Jg-&*BiF 1 30 
PUM I S h7>y^^ffl®y- hfl£fi£^©ft 

•3 <D&m^mmF 3 ±k» 2 f 2 

<5^<t(Cj;0> NlfttfPIM 1 S H7>vX^©^ 
®y- b^j£SIi|£©[Hm£ffi«e>iitrlg<i^e>ft£. 
•[0 0 6 9] fcfc, «JBA. UtSSBXtffcigCKte, ft 
•2 ©^tlF 2 jjt 2 «S!K±«!}ffiJIKT%««|jfi 
•(#|jtD) fc#*n-5. 0 9©tKJT«. 0 6©WC*fJ& 
L-T, NSSl^P 1M I S h7 >v7.^CDft 2 ©ife/S^ 
#«F2*. ^i^flF 2 aRZfF 2 b ©*glf 

•[0 0 7 0] JUT. J:»bfc«ifiA~*jfiD«;:-3(,vr. 

•COO 7 1] (1) *HfiA (06#IO IC*5^T. ftl 
©^MMIF 1 li. NSMISh7>yX^fflUl> 

fi. PS!M I S h-7>v7.:*©L^ffi£&a63A*U7 

•CO 0 7 2] S1»^IMIF 1 Kte. NS*M I S h 
9>^X^©U#^*S*a^T€r*tt*H» (4. 6 
eVHT, i$L<li4eVig) £*L. iO^- 50 
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i?<D1t\,*X.y?->!f (^x>7 H7f>y*l'Mi7yA 

££75*nTfE&fc©£^-5<fc5Ki-£. ft*#J&*mtC 
te, H f N&tfZ r N75*&tf£>*1£>. in^ll tt*M 
ft** 4 eViaETftStfaStl. NfflC3/t«J7^^;P 

•[0 0 7 3] Sl2©^ItflF2l:lt P1MI Sh 
9>> f X^OU*^tt*«ii<tT7#*ft*H* (4. 6 

•2©^«-&#Bg(CiibTV^. C 
o - cm, Ni ##9 6/iQ • c rru P t ififfi 

•1 0 u Q • cmT'ifc£><, ^ffiy*- htltbTffl^?.n 

C o S i 2 ©StrC^ti. ^n^-'n^I 5 u Q • 
cm, Il20(tfl-c m-e& 0 . Co. N i RtfP t , 
ttKCottft 2 LT»bT»^*. 

• co 07 4] if— t-mmmF otctn^TH. #tcps^$ 

n&V>#5. A'J7^^M5HfNT*5i^l:(t Hf 
O2 &fflV^CWiiSL.K HfNtHfOztOf 

•CO 0 7 5] (2) JgjgB (07#fig) IC*5^T. ftl 
©&/g-&#BlF 1 te. PIMISh7>y^^©bf^ 
3/\'U 7 *^;P<hbT. !2«)^IttlF2 
«, I S h^>^X^©L£VMa£:&«e)-5/\*U:F 

•CO 0 7 6] ft 1 ©#S^W^F 1 ictt, PIMISh 
^>^X^©b^^M^SiSftT€r^tt*glft (4. 6 
eVJ£U;, MSL<li5eVga) $ft, 
i/<DtSiMX.y?->{f (^JLy M7f>ytVMJ7y* 

dt^pJtg75:t>©^fflV^«k'5{c-r^. f^*ttfe*f»fc 
te, WN X RD!WS i x N y WSbif <E>n£«. 
•CO 0 7 7] ft2©&Ei^rSlF 2 iCte, N^M I S h 
V^X^WL^M^SjifbT^&ttWft (4. 6 

•CO 0 7 8] (3) ffi&C (B8#I) (C*^T. ft 1 
C^IttiF 1 BNIM I S h5>i?X?<DV&^m 
^ft«6-&A*UT^^;UtL-T, S3«)^IMiF3li 
P^M I S h^>v 5 X^©L€f^fil$:ft«6-5A*'J7^^ 

^tUT^-ti-ienffl^e.n. I2©^mif2B(i 
fistonitfftiii/TfflVisn*. 

• C 0 0 7 9 ] ft 1 (D&m,$&mF 1 (Ctt. N^M I S h 
^>v ; X5'©b#^ifll$:«ji-fbT^'5tt^Kft (4. 6 

v?©7SV>X-y9 u >;7* (Ol7 hX-y^>^(,i«^>'7J 



(10) 
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£JS^*SlF 3 tCti, PiMISh7>yX^ffll/f^ 
«&flk3Sft;T?*4tt*H» (4. 6eVJ£J.±. ISL< 

KteA 1 O^ttA 1 £^tr-&&) Sr/B^-S. 

•[0 0 8 0] (4) $fjgD (B9#R8) (Ci5tt3$tjfiA 

^it*iF2il/T, TliOlF 2 aK^HTttN 10 
IXIiPIM I S h^^X^WL^fiSr^iift-e^ 
^.ft^H©: (NS!(CC5liTtt4. 6eVJ£(.T. S3: K 
|J4eV, PSfC^>l>Ttt4. 6eVflh I$b<(i 
5eV) SfLTV^-i^. ±iiC0lF2bCtt(i 

•[0 0 8 1] ^itDtC*5lt-5«jgC(Cjt=fjSUfe«|j£T 
tt, JBl©*JR-&*r«F lRtXm3^M#WMF 3# 

•[0 0 8 2] «j£At;:#j£L*:#&jgDi3V> 
^ 1 O^l^tRF 1 SrH f N, gl 2 O&S^WBS 
®TIIlF2a^Ru02,- ^2COM§fI©±Il 
F2b*Al TlPfffcbfcfcro^&tf e.n-5o 
•[0 0 8 3] (5) ttiSA, PifiBRtftfliftCKiSV* 

«l*fflVi-5Cli*<a*UV^ NlMISh7>y^^ffl 

to. *>^*x>3i{fc^fc%#&tf£n5<, 

•[0 0 8 4] (6) tffjiARtftgjgClC^T, ^ 2 CD 
&K-&WISIF 2KH y^ft, /^yfA, 

v>^A. ffi. IB. i£^tt£n'=>C9&Ei$:-£ty-&r&£: 
# tl 181 £ ffl l/i i> CI t #S * L- t 

•[0 0 8 5] (7) «jfiA. ^iSBR^jfiCICiSH 40 
^2®^flF 2tC(i. «fi#:T&3&Jlift;£- 

• 10 0 8 6] ^M^tbxn sgiic, &mmit® 

•[0 0 8 7] ^k^itlttt. Sg2fc, 

«> *»»W6ti*. -nen Na*ir>ttPSM i s h so 
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7>yX^ (ftl;PSMISh7/y^^) (CalLfctt 
•[0 0 8 8] 4ift^«tLTIt ^JUS^ft 

u\y A^t$K z?)V3-o&&ityo. 
s. men nsm i s h7>^^catfctt*H 

•[0 0 8 9] ( 8 ) HDfciUT. m 2 

f 2 <zv>& < <t t>«TJi<!!)Bi3&«*Rfl:^«"r»a 
^Mfk^^tLTta. &mmt® 

ymt%o. f>*)m<t®, -*?mt®. 5>>?xt 
• [0 0 9 0] (9) wsciz^^t, m3v><&m,^Wk 

•[0 0 9 1 ] (1 0) ^jSA~^iiDJc43HX, y-h 
ffii^ffilF 0 tUTte, H f O2 , Z r O2 . TiOj, 
•>'Ja>^ft;ffii, AI2O3. Ta2 05 , Nb 
2O5. Y2 O3 . C e O2 > -f y h- U OA&StSiSJl' 
n-^ABtffcBS, A*'J-j7A<hX hD>fyAtf^>i: 

[0 0 9 2] Hf02, Zr02. T i O2 , Ta20 
5 , N b 2 O5 « Y2 O3 , CeOi; -f <y H U 'yAS: 
^tT5?;Un^^AK-ftK©fiKKffi»Ctt, ^tl^nH f C 

14, ZrCU, TiC TaCl5, NbCl 

5, Y (Thd) j'CCT, Thdtli 2, 2, 

6, 6 -rh7^f^- 3 , 5 -^y^^v 5 ^"^- h€r 
jg*-T-5o ) , Ce (Thd) 4. Zr (Thd) 4t 
Y (Thd) z (DM'BiX XlZ. Oifj^mX^t^CV 

•[0 0 9 3] iijfc, O2 jyxC0f^t?0(CfiSJA«NH3 ^ 

N. ZrN, TiN; TaN, NbN, YN> CeN, 

i*^t;-r^<!:. Kfl:taffi^5 0 O'CJEATOfiiB©®^ 

mrzizMitznrcmfr z<D±m®-?3bz,&mwmcD 

•[0 0 9 4] ±J£l/fc*«ft{t«n£j«Bir*l» 
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&/S8^b§l<D/&l8l£fT PitlCcfcD. fgJi#?ig<Dy- b 

mmmF o ^^sjLTfe^^o 

• [0 0 9 5] (id y- hmm<DmTmm<Dmt l 

T, Hf N, ZrN, TiNSfflWi^ dtKaWX 

iFOi LT 1 ±j£LfcHfC>2. Zr02. Ti 
O2. S i3N4. A 1 2 O3 . Ta2 05 > NbiO 
i, Y2 O3 > Ce02c -f y b 'J ^A^iri^l^x 

-[0 0 9 6] y-hmmvmTMMnmtls-C. Ta 

JCpJ^T?S)-5o Lfc)) ! oT, y— h*6^KF 0 ICH. Z. 
<0?g^tCT^T-*^>H f O2 . Z r O2 . T i O2 . 

sijN <; y'j3>i«. 1 %«±-&^r-r^ 

•[0 0 9 7] y-hSarolTIIMtlTJ^Sr 
■JASfflV^i^, 7JUSx^A««&<hfi8S&»fg^?& 
L-fc^oX, y— h*6^F0lC«, d 
W?g-&^lc:^^:H f O2 , ZrOi, T i O2 > T a 
2O5. Nb2 05 ; -f y MJ^AS-^tfi^lOX^A 
ttfcMU AUr7A£X bo>3^A£5F^><h&5SI(7>fb 

•[0 0 9 8] (12) y-HSO*THII©«il/T 
±H/fc4IS(tft (HfN. ZrN, TIN. Ta 

n, NbN) &Bv>fc**, &E,mkVtWkttf— vrnm 

^k^Sr^fie-r-S^STC^^e.^t-S^SK^CDG i b 
b s Oifil*M-4S, y- h*6iBi^fCffl^S^SK 

^-5. jyfcftictt, y- hmiii*jh f 02 (dm&iziz 

^JSg-fb^tLXH f N, ZrN, T i N. TaN, N 

bNS«^«ct*«asb<. y-h$ea^Ta2 0 

sOttKttftMftftiLTTaN. NbNSfUS 

•[0099] (mmmm2) sat. *R9Hom2o>mi& 
mmz%&&mxm<D—miz-o\,*-c* mn (a) -0 

•14 ( 1 ) S*«UTKWT*. 

•[0 10 0] s-r. ->'Jn>s«2 0 1 Q&fiS&ttfl: 
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LT->Ua>K{bK2 0 2 £»/rf3„ CVD 
tt*fflt»T, ->ua>K<bl»2 0 2±tCv'J 3>»t« 
•2 0 3 (Bll (a) ) . 

•[0 10 1] Jfcfc, yU3>fft!2 0 3_h(Cy'* hi/ 
jyX b 2 0 4©/-?^ — >^^B£-r^>o S^>X. dWl^v 
^h/t^ — >2 0 4 £V7.:7(;:LX ~> U a >g-fbil 2 
0 3. ->'ja >&fbl» 2 0 2 Rtf -> U 3 >S« 201^ 
S7j ttx ^ > y £ m ^ X/t ^ - - > 2ff 5 d <h {£ J; 
0. ^BiSiBlJt* (01 1 (b) ) „ 
10 '[0102] 7* M/i/Xh2 0 4^MftLTlt 

^^9 5 01:, HC 1 /O2 SB^xf&BKfc-rs;: £ 
l:<t0. yU3ylfbI2 0 5i&Mtl.. l^T. C 
VDffi*fflHT->U3>K<t«2 0 6&£Mlzmmis. 
mTttffim&Mib&tS. 2*>lZ, CMPMffl^Ty'J 
a >$Hbffil 2 0 6 U 3 >gfcft;lt 2 0 3 ®^®*ig(±5 

^rssx-wig-r^ (011 (c) ) o 

■[0103] g!iS^ffl^Ty'j3>^bi2 0 

•3 $rS#?W(C^-r-5. M^T, it? HX 
20 y'j3>iM2 0 2$iSn. CICD&fC. sfl^tfllt 

Sf<£>±gBtf>->Un>SHb®i2 0 6Rtf->U:n>gHfclSI2 

»0->'j3>««2 0 KD&Wfimiil-tZ (0 12 
(d) ) „ 

•[0 10 4] #tC, #l*J;f 9 0 ot:, HC 1 /O2 #H 

^207 ^5 —mm 20711 mish 

•y V ±\z =b »j£ £ n 5 a6 . y^^ISoiUJII^ 
30 <&5 (B12 (e) ).. 

•[0105] X.\Z. ^®JC#'J->U3>^2 0 
b/t&. vitD^u ->tj3>!2 0 s^* — ->^-rs 
ei^tccto. ys-y- b&mfc-tz (012 
(f) ) . 

•[0106] 7i?U->Ur3>K2 0 8^6.75:5^5 

— y— b&TX2\Z^T. yij3>I«2 0 i©g®i: 

tnt£^>Z\i:\Z^f), V-X • KW>M12 0 95 

40 ±mizmmmmm2 1 o&mmvs z.<r>mmm®tWk2 \ 

OSrCMPS^fflViX^'J y'JJ>8 2 0 8#ItbtS 
STfgfttS. ^cd^. gaUfcsp'J y>Jn>i2 0 
8^:, WAtfCF4 /O2 ^?;fflWcy'7>7D-ft 

«T**-r* (013 (g) ) . 

•[0 10 7] I S b^y^y.^^ 

n^'ti<DL^^mmm(Dm^ntiorc>sb\z, mmvfz 

ys.—mmm2 0 7$:3\-LX. yU3>IS2 0l4'l: 

tn^n n sir & p m <n * *e#i * -r * > a xm x-m a -r 
50 xf&£;Tz>z\t\z£<o. ffi (.esm 2 1 ifimfczn 
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%. ■€■©». y- h»»Bt«tbT. Ta 2 0 5 I212 
£®fi£-T-5. 2 P^M I S h7>->*7,^CDy*- h 

fSWiLT, ;l/-^-^7A (Ru) iXIW^y^A 
•(Pd) 1213^, If 1 OnmggMfS (Hi 
•3 (h) ) . 

■[0 10 8]*K. ^XvCVDftfcit). ±ffi(C-> 
U3>g«2 14 5:1 Onm©lg)PtMt^ dCD 
y'J^>g«2 1 4tt. «CIiT»SSSft5'f >v 
«7A (In) XBXX (Sn) ©ifclRSrB&ik-r**:*© 
SStitKFlhlKtbTffi^&tlS. P1MI S 

•/v'T.^ffllSiJC^* hUy^ h 2 1 5©A^->S:® 

(013(D). 
•[0 10 9] ^inbfeNHJM I S h7>y*X^® 

7* hUi?* h2 1 5 5:0<<b©31lCckt3T^ 
2sbfc&, N3JM I S l>7 >> j 7n *7 (F>tf — hSffi^^i: 
IT, £MtC -O-yOA (In) (Sn) M 

£ 1 ~2 nm<DmmT'Mf&-rz> (014 (j) ) . 
■[0 1101*1:. 2Q0'C~4 0 0tggOii 1 fifi7 
X— )V*fto. PMM I S b5>iS7>*mmz\$z/Vzi 

atCj;D. NISM I S h ; ?>i/X&M%£.lZ<D?f-'M1R.ff3lZ 

te, JPr-')AlXIW7yfAl2 1 3©igf B JS#=£ 

y- b«fi»IB<t:&-&T a2 O5I212 ijl-f-^Al 
XIW7y'?Ai2 1 3 i©#®lc:#rffi-f3. ■€■©** 

N1M I S h7>yX^©y- hf li^M >y 
"JAIXIJXX12 1 6/WBMijc2tl£ (014 
(k) ) . 

• [o 111] pimi s h^>^x^mm±<r>^ 
s/s?^AKxttxXKi2 1 6«a«w»ci»*L^ sec: 

•>'J3>MI2 1 4 5^'7>7D-g^oT^St 
*. ?>^f>!2 1 TJNiR^PSM I 

K, CMP*££fflV>T, ffi^-CD^-^AKXtt/l^v 7 
■y-AIBl2 1 3, -T >y"yABH5tliXXg|2 16. Taj 
O5 12 1 2£:tf*>y'7.7 1 >ffli2 1 7£Rfc*U 
»CC0^^>y'X7 : ->tt2 1 7 6»-T. cniCiO. PS 
MI S h5>yX^Ttt;i'f- ■y'ABlXH/^iy'y-ABi 
•2 1 S^'fiTSfd^^tlfcy- hSffirt*. NiM I S 

EI2 18. EIS12 1 9 3££)fcJ5£U ¥*#£fl(lElEgftt 

^Eic-r^ (014(D). 

•[0 112] fc*5. lILtiTIi, PS!M ISh7> 
■y7 i'CDy- b f SSMt 5^MM 1 (±ifibfc0iT 
fct, Jl^-tfAXfi/^y^A) t5NIMISh7> 
y7^©ir'-hii$Mt^IM2 (±i£Lfc0!IT 
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IM2^NIM 1 S h7>y7^ffl7-'- httlWRftSI:: 
WtbSlt-4J:5K:b&*«, &JgM2£:£)lM 1 ^IZtZm. 
$-&Z>Zt\Z&<0&mMl i&JSM 2 t<D&&&mi& 
b, CO^iaoTNSM I S h7>yX^©ir- h 
3 KbTt> J: H 1 tti) . 

•[0113] ±KEbfc^JT(i. PIM !Sh7> 

i>X$(D>T- Y%M^$L-$%&mM 1 t&NSM I S 
f7>yX?ffly- hf«if)it5^KM2SMtS 
•SvSKfc. y'Jn>ffti2 1 45{fif©VX?tbT 
10 ffl^itCiO. &«M2 SajiWtCNSM I S 1>7 
^ i^^itlCffiffc^-ttS ± ~> IC bfc#, -> U a 

§21 4 «»j«-a-ric. nimi s b7>i>x?mmv> 
&mu 1 ±\z<D?>.<&mM2$:m$i#3izmi&is. ±mvtz 
mtmmz, niim i s h5>^i'ifi«T©*iR» 

tc ^IM 2 M 1 + $ -a- 5 J: 5 tc b T t> «t t> 

•[0 1 14] $e.tc. ±JfiLfcaS*0SXtf»m. 2 
fct. ^MM2$rv--h*6^#ffi(C«Ttn$-&^>, 

20 NSMI S h7yyX^©7-'-hfSI:^tTffoT^ 
^©^ffi^PIMI S h7>y^^©7-'-f-l 

•[0115] *mt&MmiZ itUi, NIM ISh7>v 
•x.^©^-h*6iit^tcS-r?>SP7>©tl:*fg8©C^PSM I 

•[0 116] (tl«I3) *fg3S©|g 3 ©*i6 

^ffitC^S^lO^JtCOliT. j e<D«ifiX*§(Z)-0iJ£0 
•15 (a) ~017 (h) S#flBbTBt9i-r<&. 
•[0117] , ~> U 3 301 ±tC^^7>Si 3 

0 2£J£J5£U Wi^-C, NIMI S h7>yX^^I: 

pm(DOx.)vim.m 3 0 3 PiMish7>y7^ 
**«cNa!o^x;nt«ji 304 ^^-r^. (015 

40 (a) ) 

)k\z, itBH^y'Jn^SSO l©gSS5nm 
SflElfcfcbT, ^5-^Pi:/j:^^'Jr]>^kl^3 0 

=>K3 0 6^*t«b, 'tlSry- 

X>y'-T^. ttHT. ^S-y-hi&^'Jy'j3li 
•3 0 6 ^VX^lCbT. NSffittCfiURS. PSffl^tC 

M**-f t>SAL. y-x • k u-f >u.mm 3 0 7 <t 

50 CJ:D. fi!lSf6ftM«^-r«. ^V^T. CK>fi!Sil6ft 
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B!3 0 8Stf*Uv'J3>l3 0 6 SrVy^tcLT. N 

fig-r^ (m 1 5 (b) ) . 

•[0 118] #fC, gBKMIRMMURa 1 OtLtvU 

U n >g!fl;B! 3 10*#'Jy'j3>l3 0 6 T^EtBT-S 

(0 15 (c) ) . 
•[0 1 1 9] 'AiZ. 54 ifm<Dmi3 

ttly^i'ftiSffllJT. 3j?U->'JrJ>^3 0 6£Bfc 
St5. ttv»T, ^ffiL*:->'J:3>SKtB!3 0 s&fty 
7ijai^t:iox7f>^t> NisotpiMi 

•1 &W&C?Z> (0 16 (d) ) „ 

• co 1 20] #ic, »»fl:«iat«ttjTy-h««»j« 

fflroi(S3 1 lJSSC©^'-^^^ 0 l£IMtU v'J 
n>&fcB!3 1 2*»e>*:*y— Mft*«*»J«-r*. $S 
fe>T, N^M I S h^>v J ^^»y-h«S*ti(6f<i:L 
T, C VDffitC Jc 0 ^ >^X5 L >>' UlJ"^" K (WS 
i2) ^3 1 3^rffeBtC«l«-r^. ^-©&, CMP&K 

&K>5-'-hmMMf$.me>m3 1 lwA-aucitasn*:* 
^^T->->U-y-'f K«3 1 3£I$SU y-h«s» 

J&ffi©??f3 1 1 rtKCD<^>:7X7 ; ->>' l J-»M KB!3 1 
3*S«;£li--6 (016 (e) ) . 

• [oi2i] ±miz->>ja>m<tm3 1 4&«Mi 

±oT, NiMI Sh7>^^Iii;WyU3>S 

yl7^^A (Pd) 813 1 5££®Kie«-fS (01 6 

(f) ) . 

•[0 12 2] 6 0 Ot:. l#mmg.<D7-— 

m.*fto» dtltCkD. PSMISh7>yX^^0 

-f KB!3 1 3 74V17>^AB!3 1 5 tSJft-rs. ^©SS 
ft. =bi:feii5'>^y;^>->'J-y--f Kit 3 1 3©?££U 
tzfemzrtvi/OJ+isW^ K (Pdz 5 i) 13 1 6 
7^j6££n, CO/^y^AyUit-f K13 1 6 ©±SB 

•I S h7>^^i«T-tt, ->>Jn>^t:ffil3 1 4UJ& 
$*lT^-5fc«6, ^^x^'JIM KB! 3 1 3«/t 
vv'^Av'U-y-'f KB! 3 1 6ICg»$n&^. -?-©&. 

^ss.r/~> u 3 >^bM 3 i 4 Sris^-r^,, cnc± 

0. PSJM I S h7>yX^©y- KiHSAVt^i^'i'A 
•>U-t»--r KB!3 1 6 lCctoT^fi£$n-5 (017 

(g) ) . 

• [oi2 3] #.iz. ±m\zmfflt&mm3 1 7 t^y'j 

©AJ, §P^I3 1 7&tf3 1 OfcHMTr*. •€■© 
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iB«3 1 8ffl©^^^**fiabT. nn^/^-n 

y^t^dtlCtO. NSSUtPiOMI S h5>y7 

?h7>yX^A^t5 (0 17 (h) ) . 

•[0 12 4] ±jZEbfcWTtt, NSM I S>7> 

(WS i2) BtSffll^fcan ^>^7.7 1 >v-U-y--f K© 
t'J^fyyUit-f K (MoS i 2 ) , ^> 
*Jl^'JU-f F (TaS i 2 ) . r^yUt-fH (N 
b S i 2 ) ^V>fi£aA->U-»M K (C r S i 2 ) ^?© 

•[0 12 5] Sfc. _hi*L£:0!ITte, PgJM I S h^> 
v 5 X^^@«iS'>^X^>->Uit-r KBLhlC/^v^A 

•(Pd) mzm&v. ms&m\z^r3x/^i^yj».i:^> 

^f>y | J-9-'f ^/^y^Ay'Jf-f K (Pd2 S 
-i , PdSi) iCggl-r-Si^JCbfc*^ y^y^A© 
^fe0lw-«^'5r;U (N i) iKVitt^^^ (P t) Srffl 
Vi, z:>x5r;U->'J-y-f K (NiSi. N i S i 2 ) 
Ks.ZfyJ-fi'W'f K (P t2 5 i > P t S i ) ^?©-> 
20 y-y-r Klcg^-r^dtfepI^Tfe^. 

•[0 12 6] -kj$Ufc#l (61T©I2S^3© 

> U a >SKL;B!£ffl ^5±5tL fc*t, C V D 
j£#(Cj;oT^LfeTa2 O5 i^fflH5i5lcLT 

•[0 12 7] XiZ, *RW<Df&3<Dmmwm\Z&kZ>m2 

(omiz-o^x. ^-©giitifi©— m&mi 8 (a) ~0 

•18 (c) *#BHUTBlWr*. 

•[0 12 8] &*5, j£*©I;g (015 (a) ~01 6 
30 -(e) CDIg) *Ttt±»Ufc*r©«£Pl«T**ifc 
to, *0ijT?tt016 (e) ©lig^tO t)i©Iii:^H 

•[0129] 016 (e) ffllSO^, L-i?^. K 3 2 1 
I S h7>yX^«**YXi'bm -f*> 
SAffitioT. PiMISh7>y*X^S«Effl^>^ 

y;^>->u+M" Ki3 i 3 iz<D&miRmizy)i>T-'y& 

-f=f> (Get) Ht>ftAl. •7-*;UT-^A5r-g-tj' 
^>7*Xr>y | J+)-'f KK3 1 3 att?>„ £©££, 
*>tf*T>zsV-*M KBI3 1 StC^A-T^y^TX^ 
40 A-f *>©igftte, ^^T^^'JlM K 

y;i^=£A©H*IB£U:<D»flE. WIAtflx 1 OlTc 
m-3gS£:-f 3 (018 (a) ) „ 

■[0 13 0] U^Xh3 2 2TPSMI S h7> 

•I S h7>iSZ.?mm.<D?>ifX7 L >yW^ KM 3 1 
•3 (CCD^S^WJC-f >^^A-f^-> (In*) £-f:t> 
SAL >v 5r 7A$r-&tr^>>/7;7 i >iyU-y-'f KBI3 
•13bi-T-5o ^y^ryy'JD-'f KI3 

•1 3tC^A-r-5-f >^^A-f ^>©J8S«, ^>^7.t" 
50 •y->'Ji)--r KtplC*5tt£-f >> J r7A©a^Pl^±©jS 
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ffi. x l o ncm-m&tTZ (018 

(b) ) „ 

• to 1 3 li so or, i #mig.(Dmmm$:ft ? 
u-y-f Ki3 i 3 ty- h^«^T*^->ua>^{t^ 

•3 12 i<D#ffitC«fm-r^>. -tOlS*. PS9M ISh7 
•Vv^X^Tiiy^v-^AWS 2 3S^>^t>-> 

$n> NUM I S h7>yX^TIJ-f >v^Att3 2 4 
^>->y-!M KK3 l 3©*g«;fgjgf;:j;o 
Ty-HS*«$il5 (018 (c) ) . 

• [0 13 2] mmz. miomtimmiz. mmmmmz 

*t«LTa>^^ hffl©A£Mtt, $5»fCg2^^«fi£-r 
•[0 13 3] _k56bfc0rctt. ^r'-hmMffl©^ 

© tc J£ j& b t *5 < *m t b x 3? > if* t- > -> ' j -y- 
h (ws i 2 ) m&m^fctf. ^>^^>->u-y-r 

•h*Of^*Dt)tc. ; &U7'T>y | J^'f H (MoS 12) . 
^>^;i/yUt-1 , F (TaSi2) . ct^y'Jit-f h' 

(Nb S i 2 ) ^tey'nAS'U-tM' h* (C r S i 2) 
&m £ t t> BJigTfe-S. 

•[0 13 4] ±j£bfc0iJT'tt. v-*-h*gi^^® 

K«rfflS***ff*tUT. PS!MISh7>y^^TH 
y^?-^A (Ge) , NIMISh7>yX^Ttt-f 
■s-J^l* (In) y'Jl'x'^A. >^r> 

A. 7>9-^> (Sb) . y^^y- (P t) . /t7>"y- 
A (Pd) *C5+*6ia<t«»*I*LT, PSyRtf 

bTfcJ;^. £nS©*m£P3!X«Ng!©— ^ 

© h^>v 5 7.^(CO^TCD*«Tm5-& (-^CDh5>> ? 
X^tC-D^T©^ t>aA^fTW . ^©h^v 5 

^•5,J;?t;:bTfc<fc^. 

•[0 13 5] ±5£bfc«T?tt, -ftyftAbfe 

^fcbfcrt*, PSKtfNIM I S h7>^X^©y- h 

T-r :* > a A b & ftS t f- h «a «g« IC t> £ fc <h 

M I S h7>^X^©£JS*&©tt¥Wi&a5PSjM I S h 

•[0 13 6] *mW<D%i3<DmMWmiZ%Z>&3 
©WCtH>T, ^©SjgX*§©-0il£01 9 (a) ~0 
•19 (c) £#SBLT!&9i-r-£.. 

•[0 13 7] i£4>©I« (015 (a) ~01 6 

•(d) Oil) STfcUzifib&SUafcliH^fcafc 
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», WT'liil 6 (d) ©Ig«fc«3t>«©I8K:o^ 

•[0138] 016 (e) OlgCt, h«S^ 
fflWSIfC. ^7^atCMPfe<!:*ffll>T. PIMI 
6 h7>^*oy-hti«fitLT. (N 
•i) 1331 (019 (a) ) . 

•[0 13 9] #fC. ilCTt^yXy'J 3 > (a- 
Si) 13 3 2 SrX/Xy^tt#lc«fcoT*ta[Ufc«. N 
IM I S h?>>>7.*m%L±.Sm<Dm®.<DT*:)lyTX 

10 i' l Ja>l3 3 2*7tMJ VV^y^-mt. K7-fX 
!y?->^j£**ffl«riTH8*-rs (019 (b) ) . 
•[0 14 0] 4 0 Ot;, l^gflEOJIMttSSriil*. 

£ Cite J: 9, NIMISh7>yX^i«©y-M 
«SB$Hci3HT, ^y^r;HK3 3 l iJ^^r^y'J 
3>13 3 2 —~/>r)\s s sW^ H (N i S 

•i) I3 3 3$«t5. ^-©I£, KJ6K»-%-btt^o 
fc7 : E^7 7XyU3>S3 3 2^ y$*;PK7-fl 
•y^>^©^ttx->5 i >y'lcJ;^T^-r-5o d© 
jt^lC-^-7-JH3 3 1 Sz^WI/y'J^ H^3 3 3 

20 IcXftS-e-SCtfciO. «»©ft*W«c«r 5. OeV 
gS*>e>4. 3 6 e VgStdST<g;T2-&-5Clt^-e^ 
€.(019 (c) ) . 

•[oi4i] mmz. miowiimmiz. mmmmm* 

«.Cl<htCJ:0, NSRtfPlOMI Sh7>yX^h7 

•[0 14 2] ±mi^tc.mT\t. PSM ISh7> 

V>7.$<r>f— hfi^-y^;!' (N i ) . NIM I S h 

5>i?x*<Dy— v-mmz—vtrjU'W-i h (nis 

30 i, NiSi2) iL/fcA5. (Co) ta;^ 

•hv'J+M' F (C o S i 2 ) , ^DZ. (C r ) t^DA 
•>'J-y--f K (CrSi 2 ) . ^EU:/^ (Mo) ttU 
=7*^>->U+M' K (Mo S i 2 ) ^T^bXt>«kVi. 
•[0143] **JS^^IC«tn«, NiM I S h7>y 
x^©^*- h^Mtc^-r^^wtt^SiS^p^M 1 

s h^>^y;^©^r- hmmmizm-Tzuftoiitmm®. 

jtt)t>/h$<-r-5c:i^-C#-&fca?), NSRycp^Mi 

s h^>v'x^-^n^-*n©dr— hmm<Dti:mm^Wim 

figffl©^(*l(c^$nit^MM*S£*©ck^(Ci^9 1 > 

•[0 14 4] **9i©*J6»t8*Bi9IL3fcj&*. * 

^^tt±IB^iS^^tcK«$tl€)t)©T«7i<, ^©« 

•[0 14 5] 

•[^HJ©^] *^BJIC«fcn«, NiSOtPIM I S h 

50 7>> j x^-€-n j E-*ti©-y— hmmcDttmrn^MMit-f- 
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Z>Z\t\Z£K), NIS^PSMI S h7>yX^Obt 
S&Jcy- h *««©««& £ffl± 3 soffit 

•[02] #56W©#1 ©*«»»£**¥*#£«©« 
it^&td^X, ^©Ii©- »£5SL;fcX80rS0. 
•[03] #fgB©»l ©*»»*£«*¥»#*«©« 
ig7ji*KD<,>X, -?-©Xg©— 8B£jSLfcXg0r®0. 
•[04] *9E9§©$l©£ffi&£Cfll«¥*tt:g!B©9S 

•[05] #&W©3fn ©*Jg^l£C«5¥J3#g«©$i 

a^ttia^TiensMi s h^^x^ict^x. 

*Lfc0. 

•[06] *£H©£i©£ffiKttt'ffs¥%ttglt©£ 

•[07] i <Dmmmmiz%^^mwm&<om 

•[08] *5fiW©SU ©*«&»tBfcff*#**IS«©a; 

2M*j£©ffi©0ll££5£Wfc^L;fc0. 

•[09] *XHOgl0%tt»tteff«¥*ttSB0£ 

#*lJ«©«©«fc*^«fcjSi'&Ei. 

•[0 10] H8tC*Ufc**«lJ*«:»<&fc*©±S<c» 
jgXglCCH>X5fcL£:0. 

•[0 1 1] *»W©«2©*lS»»K:«**i»#SI«© 
ajt^ftlCtJUT. *©IS©— WSaSbfclSWffi 

0o 

•[0i2] *&w<D&2<DmmMmizmz>*mft£m.<D 
mmismz-D^x, ^-oxgw-gBSr^b^xg^ffi 
m. 

•[0i3] *&&(Dm2<DmifeMmzmz>¥m#mfs.(D 

0. 

•[0 14] *58M©SB2 03»JIS»»C«**i»#SUl© 
Sjg^SsKO^X, -€-©Xg©-g&£^L;tXgB>rffl 
0. 

•[015] *«MOjB3 0D*IIS»ffilC«***#««O 
KifiTjffi©— WC^X. ^©Igffl- gBSr^LfcXg 
»r®0. 

•[016] #«W©S3©*M»ttC«*¥i*fle8««> 
Sifi^iS©— ^-©11©- SBSr^bfcXg 
8/rffl0. 

•[017] *^w©^3©*ifi^{c^s*«;fltgB© 

NfBB. 

•[018] *Xnoff3<D*tt»ttlC««¥**SB0!> 
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SSit^&WffiroWCO^X, -?-©XS©-gP&^LfeX 
g»r®0. 

•[0 19] *S^©Sg3©£i£«ffi£ft*¥&#&B© 
gi£r®0,, 

•[02 0] tE#ft«fcff*¥iM*8«©«iB*»fc::3ir> 

X, ^©Xig©-ge*^LfcXig^ffi0o 

•[02 1] «*S*ic«*#*#««©«jt*fefc:t?^ 
io -[02 2] «e*ft«fc«***#««©«jt^fefc'Pir> 

X. -?-©Ig©— g&£r;Kb;fcXg»rB0. 

•[02 3] fE*&«rc*«¥«#g*©Mirajf;£-3» 

X. ^-roig©- gB£r^L7fcXgSJrD50<, 

•[02 4] «^|f 

^{coiiX*bfc 5 Fffi0. 

•10 1 • >''J a 
•1 0 2 - 

•1 0 3-^ij3>KftB 
20 .1 0 4-#Uy'j3>l 

•1 0 5. 1 0 7--/'j3>t<ti 

•1 0 6, 1 0 8-V-X- HK>S»B 

•i o 9-->u-y--r Kffii 
•i i o-mmmmm 
•i 1 1 -m 

•1 1 2-A7r.^ABE'fkM 
•1 1 3-A7-'JASfcR 

•l 14-l/^h 
•i i 5— =m;un« 
30 -2 0 1 -v-U n>*l£ 

•2 02, 205, 206. 2 0 7 •••-> 'J n >gtfblgi 

•2 0 3, 2 1 4->'»J 3>&<tK 

•2 0 4, 2 1 5 — \sV7* V 

•2 0 8—#'J ->'J3>|R 

•2 0 9 •••y-X • K U-f >S£fKB 

•2 10, 2 1 8- •MmiNUKM 

•2 1 1 -m 

•2 1 2-Taj Os m 
•2 1-3-RuBXBP dl 
40 -2 16-1 nBIXteS 
•2 1 7- »&>tf7>7->m 

•2 1 9 —Bain 

•3 0 1 -y'Ja>SS 

•3 0 2 -m^ttM 

•3 0 

•3 0 4-NI'>i;l' 

•3 0 5, 3 1 2—>'j3>ifti 

•3 0 6-stf U ->'J3>IH 

•3 0 7, 3 0 9-V-X- KH>fefI 

50 -3 0 8, 3 1 4-yij3>tfti 
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